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‘Sex-Specific UV and Fluorescence Signals in 
Jumping Spiders 
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‘Males recognize females’ Uv-elkited fluorescence: females recognize 
males by UV-relective patches on their bodies. 
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The PL-enriched outer surface layer ofthe close-packed (111) surface 
has an altered electronic structure that favors Q, adsorption over 
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Martian Atmospheric Erosion Rates 501 
5, Barabash et al. 

‘Measurements from Mars Express show thatthe sola ind is 
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that the formally abundant H,0 and CO, remain underground. 
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WW. Lathem, P.A. Price, VL. Miller, WE. Goldman 
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¥.M Yamashita, A. P Mahowold, JR. Perlin, MT. Fuller 
Inthe processof producing differentiating daughters, the mother 
centrosome of Drosophila male germ cells is anchored via a 
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{or help trom other immune cells 
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Damage to the Insula Disrupts Addiction to 531 
Cigarette Smoking 

N. H. Naqvi. Rudrauf, H, Damasio, A. Bechara 

‘Smokers who sustain damage to the insula, a itle-studied part 
‘ofthe brain, find that the urge to smoke is reduced. 
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The most wonderful 
discovery made by | 
scientists is science itself. 


Jacob Bronowski 
Mathematician (1908-1974) 
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Novel Synchrotron Shifts Into Neutral 
Gently accelerated beams could probe the interactions 
between colliding molecules. 

AA Kiss to Help Forget a Fight 

Some birds appear to manage fallout from conflicts 
uch like primates do, 


Taking Blood Cells for a Spin 
Tiny tornadoes might simplify blood tests 


Micela's back, as a postdoc. 
ie] 
SCIENCE CAREERS 
es US: Educated Woman, Postdoc Edition—New Year, New Life 
= M.P. deWhyse 
Now a postdoc, Micela discusses her ecent transition and ponders 
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Insights from regulation of cell death during fly development 
colle clues to potential cancer therapy. 
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Three transcription factors act outside the nucleus to regulate 
Calcium homeostasis. 
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Sunlight, Clouds, and 
Dimethylsulfide 


Dimethylsulfide is produced in abundance by marine orga- 
nisms and is a precursor for a major fraction of cloud- 
forming aerosols. Thus, it has been suggested that oceanic 
primary productivity could be part of an important feedback 
loop involving clouds. Vallina and Simé (p. 506) report that 
dimethylsulfide concentrations over the remote ocean are 
strongly correlated with the amount of solar radiation 
received by the upper mixed layer of the ocean. This 
response could produce a negative feedback in which 
dimethylsulfide emissions are inhibited as the increased 
cloudiness they cause reduces the amount of light received 
by the pelagic ecosystem. 


‘CREDITS TOP TO BOTTOM: JM. GRUIEM CSC VOHRNGER MARTINEZ ETAL 


Making a Stand 


Many responsive materials, such as hydrogels, 
are made from polymers that can swell oF 
shrink with changing exposure to a solvent. 
Although these materials can respond rapidly, 
there isa limit to the complexity in their shape 
change, as well as to the amount of stress that 
can be exerted on such soft materials. 
Sidorenko et al. (p. 487) constructed two 
architectures in which silicon nanocolumns are 
either freely embedded in a polymer hydrogel 
or attached to the underlying substrate. When 
the hydrogel changes dimension upon exposure 
to water vapor, the nanocolumns are lifted up 
and stand up off the surface. This actuation is 
fast (on the order of seconds) and reversible. 
The hydrogel can also be templated so that the 
‘motion of the silicon nanocolumns occurs in a 
specific pattern, 


Slow Rumble 

Japan installed seismic networks on the Nankai 
subduction zone after the Kobe earthquake, and 
the resulting measurements have revealed a 
wealth of new phenomena, including nonvol- 
‘ani tremor, long-period volcanic events, and 
slow earthquakes. Ito et al. (p. 503, published 
online 30 November; see the Perspective by 
Dragert) identify yet another type of seismic 
reverberation, that of very-low-frequency events 
with equivalent magnitudes of 3 to 3.5 and 
ong periods of tens of seconds. The very-low- 
frequency earthquakes accompany and migrate 
with nonvolcanic tremor and slow stip events. 
The coincidence of these three phenomena 
improves the detection and characterization of 
slow earthquakes, which are thought to increase 


www.sciencemag.org 


the stress on the updip megathrust earthquake 
rupture zone. 


Aqueous Acceleration 

‘The role of water in many atmospheric reactions 
remains poorly understood at the molecular 
{evel because itis dificult to distinguish nonspe- 
cific effects, such as collisional activation, from 
direct participation of water as a catalyst. 
Vohringer-Martinez et al. 

(p. 497; see 
the Perspec- 
tive by Smith) 
combined pre- 


he nei easurerents No 
with quantum-chemical calcula: 

tions to implicate a catalytic role for 

individual water molecules in the gas-phase 
reaction of OH radicals with acetaldehyde. Their 
results suggest that water complexation to 
acetaldehyde lowers the subsequent barrier to 
attack by OH. The increasing instability of such 
complexes with rising temperature accounts for 
a sel esa depeatoate on ah 
ture of the magnitude of the catalytic effect. 


Beating ona 


Graphene Drumskin 

Aresonator vibrates in response to an applied 
eternal force, and making a resonator thinner 
and less massive will generally cause it to operate 
at higher frequencies and have better sensitivity. 
Bunch et al. (p. 490) exfoliated ultrathin sheets 
of graphene from graphite and suspended the 
‘two-dimensional layers across a trench. They then 
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actuated the thin sheets optically and electrically, 
thereby realizing the ultimate limit of resonators 
only one atom in thickness, 


Fewer Escapist Tendencies 


Early in its history, Mars was once wet and humid 
and had a denser atmosphere than it has today. 
This atmosphere was supposedly battered by the 
solar wind and lost into space. Barabash et al. 
{(p. 501) find thatthe escape rate today for gases 
in the martian atmosphere is 
very ion, based on measure: 
iments from the orbiting 
Mars Express spacecratt. 
& , raating these ates back 
ward over a period of 3.5 Gy would 
result inthe removal of 0.2 o 4 mbar 
of CO, anda few centimeters of water, Rather 
than having left the planet, CO, and water could 
instead be locked away beneath its surlace. 


A Species by 
Another Name? 
There is considerable uncertainty about what 
constitutes a species for bacteria because of the 
apparently rampant horizontal gene exchange 
that occurs between microorganisms, which 
‘seems to result in microbial populations being 
blended. Fraser et al. (p. 476) focus on the dis- 
tribution and effect of mutation and recombina- 
tion frequencies and, by combining a modeling 
approach with a review of the existing data, 
reveal the conditions under which bacterial speci: 
ation may occur. 

Continued on poge 435 
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Like Mother, Like Daughter 


Tissues derived from embryonic stem cells may prove therapeutically useful, but a likely problem will 
be the rejection of stem cells that carry surface antigens dissimilar from those of the recipient. In 
‘order to create embryonic stem cell lines that carry matched surface antigens, Kim et al. (p. 482, 
published online 14 December; see the cover) have analyzed parthenogenetic derivation of embry 
‘onic stem cells in the mouse. Using oocytes from two separate phases of mitosis, they induced 
parthenogenetic development, in which the cells cary two copies of the maternal genome. Stem cells 
derived from these embryos would be a specific match for the donor of the oocyte. Such partheno: 
‘genetically derived stem cells could produce many, but not all, tissues, possibly because of the 
absence of the paternally imprinted genome, 


Plaguing the Lungs 

Plague is not just transmitted by fleas; hypervirulent pneumonic plague can be transmitted directly 
among people by coughing. Lathem et al. (p.509) show that a specific virulence factor from 
Yersinia pestis, plasminogen activator, is injected into host cells and promotes proliferation of the 
bacteria and massive lung inflammation. It is possible that this bacterial protease converts host 
plasminogen into plasmin, thereby releasing trapped bacteria from fibrin clots. Thus, inhibiting 
plasminogen activator during therapy might stow disease progression and allow antibiotics time to 
take effect, 


Stop Smoking 

The region ofthe bran called the insula has received relatively litle 
attention in drug addiction literature. Naqvi et al. (p. 531) now report 
the results of a retrospective anatomical analysis of a large cohort of 
brain-damaged patients, The analysis was prompted by their observa- 
tion of a single patient with insula damage who quit a severe nicotine 
addiction immediately upon recovery from his acute neurological dam 
age without any apparent clficulty oF relapse. Damage tothe insula 
appears to reduce the urge to smoke rather than, for example, reduc 
ing the reward of reinforcement associated with smoking. 


Three-Way Partnership 

A three-way endosymbiosis involving a grass, @ fungus, and a virus has been discovered in the hot 
‘spots of Yellowstone National Park by Marquez et al. (p. 513).A virally infected fungus infects the 
host grass's roots and confers heat tolerance to both grass and fungus. Furthermore, it is the virus in 
the fungus that allows it to endow this tolerance. Fungus lacking the virus did not provide heat resist 
ance to its host grass until it was reinfected. 


Heads, | Win 


One of the enduring observations in support of human irrationality is that we are disproportionately 
sensitive to losses relative to gains. When offered a 50-50 gamble, the potential gain needs to be 
twice as large as the potential loss in order for subjects to exhibit an equal willingness to accept or to 
reject the gamble. Tom et al. (p. 515) have mapped a set of brain regions that respond parametr 
cally to the sizes of potential gains and losses, and show that these regions are mote sensitive to 
losses. Furthermore, the between subject differences in neural responses reflect the between-subject 
differences in their behavioral aversion to losses. 


Inside B Cell Central 


B cells become effective factories for antibody production only after they have gone through a 

series of maturation steps that select clones of B cells carrying somatic mutations for high-affinity 
2 antibodies. This process takes place in the germinal center, where B cells are also thought to com- 

pete vigorously for available antigen. Using intravital microscopy, Allen et al. (p. 528; published 
J nine 21 December) observe thatthe behavior of germinal cenerB cells is more consistent witha 
5 competition for the attention of helper T cells than for scarce antigen. Ths finding could prove use- 
§ {ul in considering how best to stimulate robust immune responses with vaccines. 
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Catalytic Connections 


WE ALL KNOW THAT AT CONFERENCES, THE REAL EXCHANGE OF IDEAS HAPPENS DURING 
the breaks and meals. Through informal communications, we discover common bonds and 
passions on which we build future collaboration. The International Conference of Women 
Leaders in Science, Technology and Engineering in Kuwait this month, which brought together 
Arab scientistsand engineers from the Midalle East and North Africa (MENA) with US. women 
holding similar positions, was an effort to spark such connections. Against the backdrop of 
the present political climate, charged with concerns about terrorism, nuclear proliferation, and 
vulnerability, I was thrilled to see business cards being swapped at an astonishing rate 
The richnessand sincerity of these interactions provided tangible evidence of the catalytic effect 
that women could have on the region, 

The conference was organized by the Kuwait Foundation forthe Advancement of Science, the 
Kuwait Institute for Scientific Research, the Arab Fund for Economies cial Developmen 
the American Association for the Advancement of Science 
(publisher of Science). and the U.S. Department of State, 
under the auspices of the prime minister of Kuwait. A central 
purpose of the meeting was to foster leadership skills by cre- 
ating networks among female scientists in the region and 
between those scientists and U.S. women, As Yasmin A. 
Almubarak Altwaijr, an epidemiologist from Saudi Arabia, 
\wrote, "Our mere presence together the ied a dialog 
that will lay down the foundations for future collaborations.” 

Clearly, a vibrant community of women sciemtists is 
‘emerging in the region. Atthe conference. many Arab women 
met regional counterparts for the first time. As personal stories were shared, generalizations 
‘quickly vanished. Some ofthe attendees were internationally known, whereas others had traveled 
‘outside their home country for the firsttime: some were avant-garde, others traditional; many had 
children before pursuing their degrees; some had returned home hoping to make 
years abroad, while others had found opportunities in their own countries, Yet all remained 
focused on making a contribution through their work even when societal norms presented obstit- 
cles. Confident and articulate, these women understand that socioeconomic development of the 
region depends on global capacity-building and strategic investme nd technology. 

Before the meeting. my own image of Arab women was of an oppressed and marginalized 

group. Yet statistics presented during the meeting by Samira Islam painted a more nuanced 
picture. Drawing froma 2005 United Nations Educational, Scientificand Cultural Organization 
report, she noted that 74% of science graduates in Bahrain are women, as compared to 43% in 
the United States. Unfortunately, this positive indicator is offset by the World Bank Group 
GenderStats data for 2004, which point out that women make up only 19% of the total labor 
force in Bahrain, while they account for 46% in the United States. The World Bank sector brief 
Gender in MENA focuses on this paradox and notes that “unlike in other regions of the world, 
significant progress in reducing gender gaps in education and in lowering fertility nites has not 
carried through into MENA’ labor market.” These observations were borne out by some of 
the attendees for whoma science education is a reality, but full participation in the work force 
is still elusive. As the 2006 InterAcademy Couneil report Hiomten for Science stated, “global 
¥y building . .. is impossible without full engagement of women at the grassroots.” 
his conference will signal to the region that the time for full engagement is now. 
12 out of my own comfort zone toattend the conference, I carried some unease. | was 
not eager to fly over Baghdad and felt limited knowledge about the Arab world. My daily world 
san editor provides intellectual stimulation and I thought, a sufficient level of engagement. But 
the eyes of a Yemeni woman—all that I could see of her—showed me that there is more to 
‘encounter. and her gaze spoke volumes: a shared thirst for knowledge. professional achievement 
and the chance to make a difference. On the meeting's last day, she spoke of her gratitude for 
the conference and of how it had liberated her. Her eyes, her presence, had equally liberated 
me and, no doubt. others. 


Monica Bradford 
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GILBERT CHIN AND JAKE YESTON 


CELL BIOLOGY 
Caught in the NET 


‘When circulating neutrophils are challenged by microbes, they can transform 
themselves into neutrophil extracellular traps or NETS, which are constructed 
‘out of chromatin (from the nucleus) and granule proteins (from the cyto- 
plasm), These NETS grab hold of and sequester bacteria—and in doing s0, 
they keep them within the range of antimicrobial enzymes and peptides. 
Fuchs et al. show that this process involves a new type of cell death pro- 
‘gram. After neutrophils are stimulated, the normal segregation of chromatin 
into regions that are actively transcribing genes and those that are inactive 
jppears, and the nuclei become deformed. Subsequently, intracellular 
membranes, including the nuclear envelope and also granule membranes, 
integrate; this leads to the mixing and assembly of the NET components, 
which are then reteased from the dying cell asits plasma membrane ruptures. 
This sequence of cell death is distinct from other known forms of programmed 
ell death and appears to involve reactive oxygen species (superoxide and. 
peroxide) that are produced by NADPH oxidase. Chronic granulomatous dis- 
‘ease patients are deficient in this enzyme and cannot make NETs, which may 
explain in part why they suffer recurrent infections. Thus, even with their last 
breath, neutrophils contribute to the fight agains invasive microbes, — SMH 


Extracellular 
NETs (yellow 
fibers) bind 
bacteria 
Gerange’. 


cnemistay 
Through the Looking Glass 
Amino acids exist predominantly as isomers, 


although the mitrosimage D isomers figure in 

several biochemical pathways. Pyridoxal phos 

pphate-dependent enzymes racemize amino acids 

for this purpose by binding them through a 

hydrogen bond-stabilized imine linkage. Park et 

al, have prepared a small-molecule receptor that 

binds amino acid through a similar motif but 

also incorporates a chiral binaphthyl back 

bone. When L amino acids are bound in 

the presence of triethylamine base, they 

are selectively epimerized by proton 

exchange tothe D isomers in order to 

relieve steric constraints imposed by the 

framework. The authors could efficiently 

invert the configurations of 13 chiral amino 

acids, including those with acidic or basic side 

chains, Selectvities ranged from 7:1 (for alanine) 

0 20:1 (for threonine), Acid hydrolysis liberated 

the epimerized produc from the framework, after 

Which the receptor could be recycled. — SY 
‘Am, Chem, Soe, 129, 10.102 V)a0677249 (2007), 


BIOCHEMISTRY 
Three of a Kind 
Nitrogen is, of course, an essential element for 


life, and the primary mode by which microbes 
acquire nitrogen is by ammonia uptake through 
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J. Gell Biol. 176, 231 (2007). 


the trimeric ammonia channel AmtB. Two crystal 
structures of bacterial AmtB (and one of archaeal 
‘Amt1) revealed that each monomer features a 
passageway for ammonia (NH,) and a pseu: 
dosymmetric pair of five transmembrane helix 
domains (for more on how this dual topology 
arrangement might have evolved, see Rapp et 
dl, Reports, Science Express, 25 January 2007). 
When intracellular nitrogen is imiting, the pri 
‘mary AmtB regulator 
the trimeric protein 
Gink—dissociates 
toallow ammonia 
entry; an unregu: 
lated channel (and 
persistent ammo: 
nia influx) would 


be fatal given its 
effect on pH home: 
stasis. 


Gruswitz et af 
and Conroy et al. have 
solved the structure (at 


The AmtB (blue)-Glnk 2.0 and 2.5 A, respec 
(red) complex, with tively) of the bacterial 
detergent (yellow). AmtB-Glnk complex, 


and Yildiz etal. have 
contributed an electron microscopic study of the 
archaeal Amt1-Glnk1 complex. They find that an 
extended region of Glnk referred to asthe T 
loop, which contains an arginine residue at its 
tip, inserts into the cytoplasmic vestibule of 
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AmtB and physically impedes the passage of 
ammonia. All five hydrogens of the guanidinium 
‘ation find partners on the interior surface of the 
‘AmB pore, which seems fitting because the 
channel has, afterall, adapted to conduct 
ammonia. How is such an intimate association 
disrupted? As intracellular nitrogen drops, the 
small molecule 2-oxoglutarate accumulates and 
binds to Gink (precisely where is not quite clear 
yet) along with Mg-ATP; these interactions and 
perhaps ATP hydrolysis may be involved in the 
extension and retraction of the T loop. — GJC 
Proc. Not, Acod. Sc. UA 104, 42; 1233 (2007); 
EMBO J. 10.10381s}.embo).7601492 (2007) 


Inmunovocy 
Keeping It Brief 


The cytokine interleukin-2 (IL-2) is both pro 
duced by and exerts strong effects on T cells. 
Despite its fundamental importance for T cell 
development and immune regulation, IL-2 is 
only fleetingly expressed, consistent with a need 
to keep the potent effects of this growth factor 
under tight control. 

Villarino et a, have investigated the manage- 
iment of IL-2 expression by helper T(T,) cells and 
find that several feedback mechanisms exist to 
ensure the brevity ofits expression, Selection 
‘ytokines—including some that use receptors 
bearing the common y chain—eshibited the abil: 
ity to suppress IL-2 expression, Most potent 


‘CREDMTs (TOF TO BOTTOM BRMAYMA PLANCK ISTIUT FOR NECTION OLOGY: GRUSWITE ETAL, PROC NATL ACAD SCLUSA 1044257 


among these was IL-2 itself, and it was tits best 
in combination with one or more of the other 
‘cytokines. Negative feedback was also mediated 
by the intracellular STAT family of transcription 
factors, which assist with the differentiation of 
TyL and T,2 cells. These in vitro observations 
were supported by in vivo experiment, in which 
treatment of mice with recombinant IL-2 measur 
ably reduced the levels of IL-2 produced after 
immunization. twill be of interest to investigate 
whether these pathways cooperate indistinct 
ways to control early T cell immunity, equlatory T 
cells, and the formation of Tcell memory. — 5}5 
1 Exp. Med, 10,1084/em.20061198 (2007). 


MATERIALS SCIENCE 
Wiggling into Something Thinner 


Nanoscale features can be fabricated in polymer 
thin films by room-temperature forging or 
embossing, in which the material undergoes 
inelastic flow from beneath a die to create an 
impression. The thinness of the Layer remaining 
below the die is limited by friction, the shear 
strength of the material, and the pressure 
created by material building up outside the die, 
a wel as by the amount of force the die itself 
«an tolerate before it deforms. Cross etal, show 
that applying a small-amplitude shearing 
‘motion (approximately 10 nm) in the plane of 


Nanoscale die used to pattern films. 


the film activates surface flow. The shear motion 
‘not only allows much thinner layers to be formed 
but also decreases the number of defects that 
& often timit the yield of structures with the neces 
3 507 critical dimensions fora given application. 
Finite element simulations were used to confirm 
4 the undering mechanism. — PDS 
5 Nano Lt, 7, 10.02 Ul0624566 2007. 


5 CLIMATE SCIENCE 
{ ASplash of Cold Water 


24 Ouring the lst degakiation, 3 large and rapid 
& injection of glacial mettwater from the Lauren 
B tide ice Sheet to the North Atlantic called melt: 
§ water pulse 12, or mup-La) raised sea level by 
& ~20 min only about two centuries. This enor 


www.sciencemag.org 


EDITORS'CHOICE 


‘mous freshwater addition has variously been 
posited as the trigger of the Bolling warming 
petiod 14,600 years ago or as the cause of the 
Older Dryas cold event that terminated the 
Bolling 14,000 years ago; uncertainty about the 
age of mup-1a has prevented resolution of these 
conflicting claims. Stanford et al. present a 
record of North Atlantic Deep Water (NADW) flow 
intensity from Eirik Drift that, combined with 
previously published improved dating for 
imwp-1a, establishes a relatively minor 20-year 
weakening of NADW flow 14,600 years ago, 
coincident with mwp-1a. The data also show that 
‘no discernible sea-level rise accompanied the 
clear NADW slowdown during the Younger Dryas. 
These results demonstrate that NADW formation 
and climate are not controlled exclusively by the 
magnitude or rate of meltwater addition, 
because the largest meltwater pulse resulted in 
the relatively minor Older Dryas whereas the 
climatologically much more dramatic Younger 
Dryas was not associated with discemable rises 
insea level. Thus, the location of meltwater addi 
tions may be important. — H}S 
Poleoceonogrophy 22, PR4103 (2006), 


Gewerics 
Not Cheaper by the Dozen 


Fitness, defined as an individual's reproductive 
success, fs measured by the number of offspring, 
and parents with more offspring are generally 
considered fitter. However, Penn and Smith show 
that in married couples in preindustrial societies, 
the survival of both the mother and the father 
depended on the number of offspring the wife 
hhad and families with fewer children had more 
surviving grandchildren. in an analysis of 22,000 
tecords of survival in late 19th-century Utal 
survival rates of the parents and children were 
significantly lower in the largest families, that i, 
those with 12 or more children. The negative 
effect of bearing children on fitness was stronger 
infemales, lasted after menopause, and was evi 
dent even in women with onty 1 to3 offspring. 
However, ater the birth of the fourth child, the 
tisk of death became significantly greater in 
fathers, too. In addition, those children with the 
largest numberof siblings were less likely to sur 
vive to the age of 18, with the youngest siblings 
at greatest risk. The ability of human females to 
survive long after the loss of reproductive func 
tion has previously been explained by the posi 
tive effect a mother’s survival has on the success 
of her offspring; without a mother, survivorship 
of the children is lowered. Nevertheless, this 
study demonstrates that there may be a selective 
pressure for females to stop reproducing before 
they complete child rearing. — UNZ 

Proc. Not. Acad. Sci. U.S.A. 108, $53 (2007). 
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research 
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Atter spending years collect 
exotic locales, a young British naturalist 


ng specimens in 


dreams up an explanation for how one 
species transforms into another. The descrip 
tion fits Charles Darwin, but it also matches 

Alfred Russel Wallace (1823-1913), 

the co-discoverer of natural selection 

and one of the 19th century's 

leading biologists. Wallace was 

also one of the founders of 

biogeography, the study of 

organisms’ distribution. 

A new online exhibit from the Natural 
History Museum in London documents 
Wallace’s work and tife with annotated 
selections from his writings and other mem: 
orabilia, such as a plate (above) of a ring- 
tailed Lemur from a 1900 collection of his 
articles. You can browse some of his travel 
dispatches, including the letter in which he 
describes the destruction of all his South, 
American specimens in a shipboard fire. 
Other offerings indicate that Wallace didn’t 
resent being overshadowed by the older 
scientist. For example, Wallace wrote a 
friend that he was “thankful that it has 
not been left to me to give the theory 
to the public.” >> 
wm.nhm.aculdnatur 
collections-at-the-museum/wallace 


collection/themeslist jsp 
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Snow Over Ireland 

Scientists have found cocaine on a sampling 
of Dublin bank notes, ating to concern 
that Ireland is becoming the cocaine capital 


rest, “That suggests that those bills were rolled 
up and used for snorting,” he says. “The rest 
‘may have been contaminated during processing 
in banks.” 


of Europe. 

Ateam led by Brett Paull, an env 
chemist at Dublin City University, analyzed 
ls collected from around the city, using 
chromatography and mass 


Apocalyptic Adjustment 


The famous Doomsday Clock ofthe Bulletin of 
he Atomic Scientists (BAS) has begun to 
factor another global concern 
coke residues on all of into its timing: Instead of 
them. Thee bill also had 
traces of heroin 


spectrometry, and found 


reflecting only the threat of 
‘nuclear annihilation, its end-of 
The chemicals pro- the-world calculus now includes 
duce a nice, clear signal climate change. 
Flooding, destructive storms, 
increased drought, and polar ice 
melt are causing loss of life and 
property,” BAS says of the risks 
that sparked the move. That and 


am Con: 
says Fritz 
Sérgel, a chemist at the 


down to pico 


centrations, 


Institute for Biomedical 
and Pharmaceutical 
Research in Nuremberg, 
Geemany, This isn’t the 
first study of its kind: 

2001 USS. study of 

$1 bills, for example, found 
cocaine, heroin, methamphetamine, a 


nuclear proliferation, including 
North Korea's recent bomb test 
have pushed the minute hand from 
7 to 5 minutes before midnight. 
What do the stalwarts of weapons 
control think of this fuzzier doom? “| under 


phencyclidine. But itis the latest in a 


ent tand their concern about broadening the 


burst of reports by European researchers that | appeal,” says Ivan Oelrich of the Federation 
suggests increasing drug abuse on the conti: of American Scientists in Washington, D.C., 
nent. “Spain is th the number-one | but “I hope it does not distract attention’ 


country for cocaine abuse,” says Sérgel, “but | from the nuclear-weapons threat 


Ireland appears to be rising to the top. It's the 14th time the clock has shifted since 
Paull says that in 5% of the samp 
particularly €20 and €50 notes, the concen: 


tration was about 100 times higher than the 


its 1947 debut; the safest we've been was in 


1991, when weapons reductions moved the clock 
back to 17 minute 


Tombs Open Up >> 


Japan’s archaeologists are about to get long-sought peeks into the 
tombs of the country’s early emperors. 

In July 2005, the Japanese Archaeological Association led 15 academic 
Societies in asking Japan’s Imperial Household Agency for permission to 
investigate 11 ancient imperial tombs that have gotten only cursor, if 
any, inspection by scientists. Included on the list is the tomb of Emperor 
NNintoku, who ruled in the 4th or Sth century and is said to rest in one of 
the world’s largest burial complexes, near present-day Osaka. Last month, the 
agency decreed that one representative from each society will be allowed to enter some of the tombs. 

Inthe past, critics have accused the Imperial Household Agency, which oversees some 900 bur 
ial sites, of blocking detailed investigations on the grounds that scientists might turn up evidence 
that the ancestors of today's royal family really came from Korea. Japanese legend traces the line 
age back through 125 emperors to the Shinto sun goddess Amaterasu Omikami, Myths aside, there 
is academic debate over which older tombs house which imperial bones. 

Koji Takahashi, a Toyama University archaeologist on the association's board, says researchers 
won't be allowed to touch anything, so they are likely to concentrate on mapping tomb layouts 
and details of interiors, “Until nom, we couldn't get in at all, so this isa step in the right direc: 
tion,” says Takahashi 


Burial moundiof 
Emperor Nintoku. 
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UPWARD GAZE. The new head of the European 
MOVETS southern Observatory (ESO) hopes to make 
the 45-year-old On 

player on the international astronot 

Dutch astronomer Tim de Ze 
Leiden Observatory in the Netherlands, says his biggce challenge 
will be to persuade ESO's 13 member states to build the 42-meter 
European Extremely Lange Telescope. The observatory is also a part- 
ner with the United States in the Atacama Large Millimeter Array 
being builtin Chil 

Mant Mountain, director ofthe Space Tel 
in Bahimore, Maryland, says de Zecuw isa “fantastic cholo 
ESO. De Zeeuw, 50, succeeds French astronomer Catherine 
(Cesar Wo ls Sesvig ta Becteos preeient of the tnieralion) 
Astronomical Union (Scence, 8 September 2006, , 13 


nization even more of a 


al scene, 


UW, now scientific director of 


scope Science Institu 


AWARDS 
WOLF PRIZES, George Feher has always had 
a knack for cracking tough problems. Growing 
up in Czechoslovakia in the 1930s, he taught, 
himself radio electronics. In 1941, he and 
eight Jewish friends escaped Nazi persecution 
and fled to British-ruled Palestine. After a 
stint in British detention, Feher worked out a 
way to decode radio transmissions between 
the British High 
Commissioner and 
10 Downing St, that 
later proved pivotal 
in the Israeti war for 
independence. Feher 
moved to the United 
States in 1946 and 
eventually wound up 
mam | st the University of 
California, San Diego, 
where he turned his 
sleuthing to uncovering the workings of the 
reaction center: the molecular machine that 
drives photosynthesis, 

Last week, Feher’s detective work earned 
him a share of the 2007 Wolf Prize in 
Chemistry. Feher (above) shares the 
$100,000 prize with Ada Yonath, a chemist 
and structural biologist at the Weizmann 
Institute of Science in Rehovot, Israel, who 
pioneered ways to use x-rays to map the 
three-dimensional structure of the ribosome. 
Other Wolf Prizes this year go to Stephen 
Smale of the University of California 
Berkeley, and Harty Furstenberg of the 


Got a tip for this page? E-mail people@aaas.org 


Hebrew University of Jerusalem (mathemat 
ics), and Albert Fert of CNRS in Orsay, 
France, and Peter Griinberg of the Julich 
Research Center in Germany (physics). 


IN THE COURTS 
DEVASTATED. A mathematics professor who 
was fired from a Korean university 11 years 
ago shot an arrow at a Seoul high court judge 
last week after losing his appeal of the dis 
mmissal. The judge suffered only minor injury, 
and the researcher has been charged with 
attempted murder. 

yung Ho Kim lost his ob at Sungkyunkwan 
University in 1996 after telling institutional 
authorities about an error in a math problem 
on the university's entrance exam. He claimed 
retaliation, but administrators said he was 
sacked because he had been rude to students | 


In Brief >> 


CRAFOORD PRIZES. Earth sci 
tist Wallace Broecker has won the 
2006 Crafoord Prize from the Royal 
Swedish Academy of Sciences. 
Broecker (left), a researcher at 
Columbia University, receives the 
$500,000 award for his pioneering 
studies of the link between ocean 
chemistry and carbon dioxide 
levels in the atmosphere. The 


and contemptuous toward the university 
(cience, 5 September 1997, p. 1441). 

‘On 15 January, Seoul high court justice 
Park Hong Woo upheld the university's deci 
sion. “Although we recognize Kim as a man of 
decent scholarship who has a clean conscience, 
we did not find him as a qualified member of 
the academic membership,” the judge sai. 

kim then whipped out a crossbow and 
fired a stone arrow at the judge, wounding 
his midriff. “When my appeal was dismissed, 
elt that my life was over,” Kim told 
reporters, denying that he had tried to kill 
the judge. The Korean Professors Union 
issued a statement after the incident decrying 
the ruling as biased, Kim, who's been unem: 
ployed for the past several years, could now 
even face a death sentence if the attempted 
murder charge is proved, officials say. 


eee 
ay 


ol 


academy has also announced the winner of the 2007 prize: anthropologist Robert Trivers 
(above, right) of Rutgers University in New Brunswick, New Jersey, who receives the honor 
for his contributions to the understanding of cooperation and conflict in the animal world. 
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CLIMATE CHANGE 


New Congress May Be Warming 
Up to Plans for Capping Emissions 


The first winter storm of the season, long over 
h Washington, D.C 
weekend, But proponents of federal legislation 
to lim 
the 


due, blew throu last 


cearbon emissions continued to bask in 


The new Democratic majority in both 


houses of Congress has made it more likely 
that a bill capping carbon emissions will land 
W. Bush’s desk before he 


leaves office in January 2009. OF course, the 


on President Georg. 


final form of any legislation will be shaped by 


the demands of various powerful industries, 
and it could well encounter a presidential 
veto, But few question the newfound political 
momentum behind some type of federal 


action, “The tide is turning.” says Jonathan 
Lash of the nonprofit World Resources Insti- 
tute (WRI) in Washington D.C., which has 
joined a new partnership between environ- 
mentalists and industry announced this week. 


The president’s State of the Uni 


address, delivered after Science wen 


to 
press, was expected to focus on ethanol as 


part of a nonmandatory climate strategy 


But most observers expect Congress to be 
reenhouse 


more aggressive in tacklin; 


emissions. Two se to become 
president, Arizona Republican Jo 
McCain and Illinois Democrat Barack 


‘Obama, have cosponsored a bill that would 


ators hopin 


JANUARY 2 


slash emissions steeply by 2050. And on 
22 January, the newly formed United States 
Clin 


includes 10 maj 


ate Action Par 


General Electric and BP American as well 
as WRI and the N: 
Council (NRDC), 
ry [and] flexible 


ural Resources Defense 
advocated for a “manda 


sm that has impressed energy analysts. 


ou couldn't have imagined 2 years aj 


4 group of such companies getting behind 


says Jason Grumet of the 


such targets 


Cot 


Nation 
Washin 


mission on Energy Policy in 
n. D.C 


2004 recommended 
Is. NRDC 
conventional wisdd 


less a s David 


Doniger says th mat the 


time was that the rinciples went as 


far as the political center of gravity would 


go.” In 2005, for example, then-energy com- 
jr Senator Pete Dominici (R-NM) 
urged Congress to “proactively address cli 
B stthat the Republican- 
do was make a va 


mate chang 


led body © rue, non 


binding statement calling for “mandatory 
steps” to cap greenho} issions 
House Repi luntary 


The sta 
nership is easily the mos! 


tement by the new climate part: 
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pact men, GE's elfrey {0M industry, It 


(lef) and WRI’ 
jonathan Lash helped 
organize an industry 
avironmentalist partner 
ship on ciate change 


aims to halt 
of U.S, emissions 
within a decade and 


to lower current levels 
by 60% to 80% by 
2050. The: 
the cost of emission permits, per 


roup wants 
to control 

haps with a price limit, but not in a way that 
would undermine the system, and to bar 
old-fashioned coal plants from getting free 
credits, Coalition members say they want to 
avoid piecemeal state emissions caps, such 
asa tough new Califo 


ia system, and more 
draconian measures down the road. 

Another set of once-odd bedfellows also 
We dare to 
ine a world in which science and reli- 


lobbied Congress last week 


gion cooperate” to tackle climate change and 
her problems, said Reverend Richard 
Cizik of the National Association of Ev 
gelicals (NAE), one of several evangelical 
Christian leaders who have joined with 
0. Wilson and 
Missouri Botanical Garden botanist Peter 
R 


care for creation 


Harvard entomologist E 


enand other researchers for “responsible 
NAE has agreed to dis- 
tribute a “pastor's tool kit" with information 
on the warming atm 


sphere and other envi- 
counter what Cizik 


al problem: 


calls “junk science” from climate skeptics. 


Such coalitions seem likely to streng 
the hand of lawmakers such as Senator 
Barbara Boxer (D-CA), head of the Envi- 
ronment and Public Works commit 


wants to pass a carbon cap “as soon as 
House Speaker Nancy Pelosi 
(D-CA), meanwhile, has created a special 


committee to explore and publicize climate 


change legislation, House en 


tee chair and auto industry supporter John 
Dingell (D-MI) opposes the new commit- 
tee, which won't have I 


islative authority 


But its creation, says Grumet, demonstra 
that Pelosi 
mittee structure” in moving her agenda, 

Yet aggressive action won't be easy, Some 
of the 49 Republicans in the 100-seat Senate 


is not going to defer to the com- 


will be needed to override a veto by the White 
House of any emissions legislation, notes 
Senate Energy committee staff director 
Robert Simon. McCain and Obama's bill is a 


positive step, says another aide, but isunlikely 
to win the support of a majority of senators. 
“ELI KINTISCH 


SPACE SCIENCE 


LUNAR-A Moon Mission Gets an ‘F’ 


TOKYO—A mission to explore the moon's 


origin and evolution has crashed before tions about the n 


launch, Earlier this month on the engineering side 


agency terminated its LUNAR-A probe g 


Japan’s space 


because its ambitious technology was still 


9 even after the launch had 


not ready to ments firmly, and in 


been delayed for 12 years, something that has n 


The cancellation of the ill-starred mis- 
sion has sent tremors through the global 


space science community. “The feeli 


one of uniform regret that this mission is not 
flying,” says Clive Neal, a ist at the 
University of Notre Dame in South Bend, 
Indiana, Despite the setback, Japan’s space 


scientists say they remain committed to pur- 
suing technically challen; 


Planned by the Institute of Space and 
Astronautical Science (ISAS) in Sagami- 
hara, near Tokyo, LUNAR-A called for an 

biting 


spacecraft to drop two torpedo: 


shaped probes onto the moon's surface—one 


on the near side and one on the far side 


These “penet would lodge 2 meters 


below the surface, activatin 


to detect faint moonquakes and other sensors 


to measure heat flow, then relay the data to 


Sidelined. The LUNAR-A 


Earth, Scientists had hoped to deduce details with the payload led to its 
of the largely unknown lunar interior, such 
fas whether the moon has an iron core. A bet- They thought this wou 


anatomy would constrain 


ter picture of lun than developin 


models of how the moon forme 


Mission planning began with high hopes 
in the early 1990s. While ISAS planetary 


India Inches Closer to Crewed Space Flight 


THIRUVANANTHAPURAM, KERALA—india took another small step this 
week toward a place at the top table of space-faring nations. The Indian 
Space Research Organization (ISRO) launched a crenless spacecraft into 
‘orbit on 10 January, and on 22 January, controllers guided it back to Earth 
for asplashdown in the Bay of Bengal, 140 kilometers from itslaunch site 
The feat of launching and retrieving a probe has to date only been 
achieved by Russia, the United States, and China, and isan essential step 
toward sending astronauts into orbit, “Both the launch and splashdown of 
the space capsule were completed with textbook precision,” says 
ISRO spokesperson S. Krishnamurthy. 

The Space Capsule Recovery Experiment is part ofan effort to eventually 
launch Indian nationals into space. Toward that goal, the 5000 researchers 
here at the Vikram Sarabhai Space Center hope to launch another exper 
imental capsule soon. in 2008, the plan cals for the launch of a remote 
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scientists sketched out key unresolved ques 
on’s interior, collea, 


inside the moon. They opt 
probe to drop from orbit and embed instru 


rover to traverse the 
moon's expanses, says Manabu Kato. 
ISAS planetary scientist 


instruments would shield them from the 


extreme day-night temperature fluctuations 
that fried instruments left on the surface by 
previous missions. 

By 199S—the planned launch 


huddled over how to 
0 de 


the 


orbiter was ready to go, The penetrators were 


not. They're still not, even afier 12 additional 


in the lunar soil 
ws costs; the 


ied before 


years of development and escalatin 
ori the sarel- 
Hite alone was $106 million. 


and $132 million has been 


spent so fa 
What went wrong? Kato 


says the team vastly under- 


estimated the challenges of 
instruments and 


girding 
electronics to survive 
impact imparting a force of 
up to 10,000 times that of 
avity, “Modeling had indi- 
cated that just some hard 
ing of components would be 
sufficient,” Kato says, But 
roved otherwise 


testing 
The first sna 
proper test site, Only after the 


first launch date passed did 
lize that ISAS 

lacked suitable equipment and 
facilities. In 1997, with the project already 


has been ready for years, but problems 


Id be more practical 
2 years behind schedule, they finally found an 
ound: Sandia National 
Laboratories in Albuquerque, New Mexico, 
There, device akin to.a giant upside-down 


an 


adequate testing 


And burying the 


sensing mission to the moon called Chandrayaan-4. The first Indian in 
orbit is planned for 2014, with astronauts on the moon by 2020. 1SRO is 
seeking $250 milion in start-up funds to Loft the frst astronaut 

One of the key technologies on test during the recovery experiment 
was thermal protection to shield potential astronauts from the intense 
heat caused by friction during reentry, A team of 40 researchers here pro 
duced the lightweight heat-resistant materials made from pute silica that 
Coated the outside of the 550-kilogram capsule. “The thermal protection 
system was one of the important experiments being carried out in the 
space recovery module. This is a precursor forall forthcoming reusable 
launch vehicles—and in the long run, to the manned mission too,” says 
space center director B, N. Suresh 

The mission also carried two materials science experiments in which 
caystals were grown under near-zero-gravity conditions. Researchers are 
now studying the capsule to see whether all the experiments went 
according to plan ~PALLAVA BAGLA 
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cannon uses explosives to fire test penetrators 
into the sandy earth, But due to schedule con- 
straints, ISAS could use the Sandia facilities 
only once every 10 months, resulting in an 
excruciatingly slow process of trial and error. 
At last, after the instruments were hardened 
ly, ISAS engineers determined that 
al wit 


sufficier 


the electri ‘ts too frail. Once that 
\wats fixed, they found that they had to develop 
a circuit to reset the CPU after impact. The 


launch date slipped ayain and ag 


During the most recent round of testing 


in June 2006, the scientific instruments, cit= 
cuits, and software all passed muster, Kato 
says, But further work is necessary to make 
the communieations systems more robust, 
he says. Another round of testing is sched- 


uled for this summer. 

That's oo late to save LUNAR-A, After a 
series of internal reviews, ISAS's parent 
nization. the Japan Aerospace Explo: 
ration Ageney AXA), on 15 January 


RESEARCH MANAGEMENT 


scrapped the mission. A JAXA spokesperson 
says the decision was based on the orbiter's 
nd the fact that the 
Penetrators are not ready for prime time. 
Notall hope is lost. Takashi Nakajima, cur- 
rent LUNAR-A manager, says that the pene- 
trator project is not being abandoned. ISAS 
will complete developm 
to get the penetrators 


deterioration in stot 


nt work and then try 
added on another moon 
will still request this 
ays Hitoshi Mizutani, 


mission. “Researcher 
kind of investigation” 


‘4 space scientist who headed the mission until 
his retirement 2 y 
Planetary scientists outside Japan 


‘The community would very much like to 


-ophysical network on the moon to 
study internal structure and heat flow, but 
two pi 
says Andrew Cheng, a planetary scientist at 
Johns Hopkins University in Baltimore. 
Maryland. Kato says ISAS had hoped 
LUNAR-A would gather enough data to 


tors do not make a network,” 


determine whether the moon has an iron 
core, proving that the penetrators work. Sub- 
sequent missions could have then expanded 
their use on the moon and, pethaps, Mars, 
But he vows that ISAS will remain at the 
forefront of space engineering and space 
science. “If you don’t develop new technolo- 
s. you won't make new se 
eries.” Ka 
ISAS next marriage of engineering and 
ice is its $300 million Selenological and 
ineering Explorer (SELENE). Set for 
launch in late March, SELENE comprises an 
orbiter and a pair of smaller satellites that will 


emtific discov 


0 says. 


aim instruments at the moon tocollect the most 
detailed data y 
tal 


on its topography, the elemen- 
akeup ofits surface, its magnetism, and its 

witational field, “We're confidk 

Kato, “We've tested it, and we're ready to go" 

Ifo, that would take some of the sting out of 

the humbling demise of LUNAR-A. 

~DENNIS NORMILE 


Report Backs NSF Prize to Spur Innovation 


The National Science Foundation (NSF) 
should test the waters before plung 


ig into a 
costly program to award prizes to encourage 
innovation, That's the verdict of an expert panel 
of the National Academies’ National Research 
Council, which has cautiously a 


idea Congress had ordered NSF to consider. 
we lost interest 


In 2005, Representative Frank Wolf 
(R-VA), then chair of the spending panel 
that sets NSF's budget, asked the agency to 
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think about offering me solu- 


tions to important scie| 


aprizes fi 
ific chall 


with societal implications. At one hearing, 
for example, Wolf speculated about how a 


$1 billion prize could yield an elegant tech- 


al solution to the nation’s depend 


NSF to adopt “an 
tal approach” by piloting a hand- 
ful of small prizes before con- 
siderin; 

Such prizes are useful 


spending big bucks. 


says panelist and former 
NSF Director Erich Bloch, 
“because they bring in new 
ple who don’t normally 


pe 


participate in 
programs and because it 
allows you to tackle contro- 
versial ideas. But | wouldn't 
spend $1 billion on it.” 

Panel chair Mark Myers. a 
retired res 
Xerox, believes that NSF 
weeds to develop a methodol- 


arch executive 


zy” on how to run such a pro- 


ram and then evaluate each 
Sep of the way. The panel did 
not recommend any topics for 
NSF to tackle. although for 
illustrative purposes it men- 


SCIENCE 


tioned areas such as nano self-assembly, 
green chemistry, low-carbon energy tech- 
nologies. and teaching software. The report 
suggests that NSF should start with a handful 
ng from $200,000 to $2 mil- 
lion and raise the payout to as much as 
$30 million if the concept proves successful 
Myers says C NSFS 
am so that 


of prizes 


ngress should ine 


to make room for the pro} 


ping activities 


The report rec 


mmends starting the 
but with NSF facing a 
freeze (Science, $ January, p. 24), 


“It’s.a solid 

and piloting is always the right way 
* says senior NSF administrator 
el Pitts, who has 


that's not likely to happen. 
report 


ked the issue. 
“But it’s an expensive proposition, and 


I don’t see how we could afford it this year. 

An even bigger obstacle, however, may be 
the recent changes on Capitol Hill, Wolfis no 
longer on the spending subpanel, and House 
Republicansare inthe minority. A Democratic 
aide on the House Committee on Science and 
Technology, which oversees NSF, says that 
prizes probably make more sense at a mission- 
oriented agency such as NASA or the Defense 
Department. And the aide questions the idea 
that a prize will attract new players into the 
research game: “I have a hard time believing 
that there are many people doi 
research who aren’talready familiar with NSE 
and its programs. JEFFREY MERVIS 


org 
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UC Balks at Campus-Wide Ban on 
Tobacco Money for Research 


Concerned about 
University of California (UC) has delayed 
voting on a plan to impose a blanket ban on 
research finding from tobacco companies. 
If approved, the ban would make UC the 
only U.S. university to forbid tobaceo dol- 
ampus-wide. Faculty members 
anguished over the issue for 4 years before 
calling on UC’s governing body—the 
regents—to take a stand. Instead, the regents, 


mic freedom, the 


lars 


Faculty fission. stanton Glantz Ue) would the to see a Blanket ban de 
on tobacco funding at UC, but James Ensvom (ight says sucha ban 


‘would violate academic freedom. 


punted it back to the faculty last week, 
“It's a very 


od decision,” says Ja 
Enstrom, an epidemiologist at UC Los Angs 
who uses Philip Morris money. "Academic 
freedom makes thisa great university, andthe 
faculty need time to consider this issue more 
thoroughly.” But Stanton Glantz, a bio- 


engineer and antitobacco erusader at UC San 
Francisco, tums the argument around: “The 
tobacco industry funds research to confuse 
the public,” he says. “This manipulation of 
the scientific process subverts academic 


freedom and is antithetical to the fundamental 


i 

Y 

8 nace tinting tas ben ung. Since 
3 2003, seven units within the university sys- 
= 
i 
& 
i 
5 
§ 
5 


university.” 


tem, including UC Berkeley's School of 
Public Health and the UC San Diego Cancer 
Center, have shut their doors to tobacco 
money, But UC faculty-composed Acat 
mic Senate voided these bans in May 2005, 
ts had the 


declaring that only the re; 
authority to decline funding—and that they 
had to doit for the entire system or not ata 

Currently, UC researchers can take 
money from any source, as long as terms of 


the grant do not violate university policy 
(for example, by excluding foreigners), As 
of last year, there were 19 active grants at 
UC supported by the toba otale 
ts and 
contracts added up to S4 billion that year.) 

nts would consider a 
tobaee tan, however, they asked the 
senate for input, That’s when things got com- 
plicated. “The tobacco issue put our princi- 
ples in conflict,” says senat 


0 industry 
$15.8 million. (UC's total g 


member and UC Santa Cruz 


social psychologist Faye 
Crosby, “Most of us agreed 


that academic fe 


fom trumps 
But then 
de 


all other principles. 


the senators reviewed docu- 
mented evidence that the 
tobacco industry had manipu 
lated researchers into publish- 
by tweak- 
manuscripts or threatenin 
to cut off funding. ¢ 
8. “We realized ac 
ic freedom can be ill 

says Crosby. For many, 


ing biased results 


tz 


allowing the university to 
accept tobacco money was 

allowing a threat to academic freedom, 

“1 do not feel that any 


iarees, 
tobacco funding arrangements I've had have 
manipulated my academic freedom,” he says. 
In 2003, Enstrom published a study in the 
British Medical Journal that found no relation 
between secondhand smoke and lung cancer 
deaths. The project was partially funded by the 
Center for Indoor Air Research, which itse 
funded by tobacco companies. Enstrom says 
the study was methodologically sound and 
that it added an important minority opinion to 
the smoking debate. “Thankfully, UC doesn’t 
allow only certain points of view to be 
funded.” he says. “My entire career has been 
based on the academic freedom I've had” 
The senate’s recommendation to the 
regents reflected the divisiveness of the 
issue. On one hand, the faculty asserted that 
‘grave issues of academic freedom would 
be raised” if the regents banned funding 
based solely om its source. On the other, they 
declared that academic freedom could be 
suppressed. and that the tobacco industry 
had a history of such suppression 
The seemingly contradictory wording 
proved too muc is. Atan > 


for the rege 


Kansas Standards Evolve Again 
Eighteen months after its state education 
board adopted science standards promoting 
the teaching of intelligent design (1D), Kansas 
is et to toss them out. Next month, a newly 
aligned board expects to adopt standards that 
emphasize evolution. 

The change follows elections that flipped 
the board's 6-4 conservative majority toa 
6-4 margin for moderates (Science, 

11 August 2006, p, 743). As a result, the 
board replaced the former chair, 1D proponent 
Steve Abrams, with Bil Wagnon, who has 
fought against the 1D-tainted standards since 
their adoption in August 2005, 

The pending standards have been written 
by a committee appointed by the board that 
elivered a product deemed unacceptable by 
conservatives. "We'll be glad to bring back 
standards that do not contain supernatural 
explanations and are in tne with national and 
international norms,” says Sue Gamble, a 
moderate board member. “These standards 
will help teachers to strengthen the teaching 
of evolutionary content.” 

~YUDHIJIT BHATTACHARJEE 


No Roving for Moon Rovers 
Budget troubles at NASA will likely nix plans 
to send a series of sophisticated robotic rovers 
to the moon after the agency sends an orbiter 
there neat year. NASA officials blame a tight 
‘exploration budget and the rising cost of the 
rovers, which were meant to find possible 
human landing sites and gather scientific 
data. Industry and agency sources say that up 
to half of the roughly $800 million set aside 
‘over the next 3 years for rover development at 
‘Marshall Space Flight Center in Huntsville, 
Alabama, could go to Goddard Space Flight. 
Center in Greenbelt, Maryland, and Ames 
Research Center in Mountain View, California, 
to design smaller and cheaper spacecraft that 
«could do similar jobs. 

The decison to cancel the original set of 
rovers comes just afew months after NASA 
chief Michael Griffin moved the program from 
Ames to Marshall. That decision, sources say, 
was made to please Congress's Republican: 
dominated Alabama delegation, but the recent 
election, which put Democrats in the driver's 
seat, took pressure off the agency. The remain 
dderof the would-be rover funding would cover 
budget shortfalls in NASA's effort to develop a 
launcher to replace the space shuttle, slated 
for retirement in 2010. The proposed cuts are 
part of the agency's 2009 budget request to 
be announced on 5 February. 

ANDREW LAWLER 
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18 January meeting at UC San Francisco. 
the governing body appeared as divided as 
the senate. “I believe a yes vote [on this 
ban] would establish a very dangerous 
precedent which threatens our culture of 
academic freedom,” said Regent Jefferson 
Coombs at the meeting, “It would convey a 
signal that we do not trust our world-class 
faculty.” Regent Richard Blum countered 


AVIAN INFLUENZA 


that “none of us take academic freedom 
lightly, ... but [accepting tobacco money] 
hurts academic freedom, not helps it” 
Inthe end the re 
ingly to send the issue back to the faculty. An 
amendment charges the senate to clarify 
whether a blanket tobacco funding ban truly 
thre 


Michael Cummings, an authority on 
smoking issues who runs the Tobaceo Con- 
trol Program at the Roswell Park Cancer 
Institute in Buffalo, New York, says he’s dis- 
appointed with the delay. “It’s good to 
debate academic freedom,” he says, but “if 
you can’t choose on this, you ca 

oon anything.” 


t choose 


DAVID GRIMM 


With Change in the Seasons, Bird Flu Returns 


An upsurge in HSNI bird fu 
outbreaks in poultry across Asia 
is driving home the mess 
even countries that have elimi~ 
nated the virus once shouldn't 
become complacent, The conti 
ting high death roll in humans, 
including two recently detected 
cases of infection with a Tamith 
resistant strain in Egypt, is also a 
grim reminder of how devastat- 
ing the virus might be if it 
acquires the ability to spread 
easily among humans, 

Overthe past 3 weeks, Thailand 
and Vietnam reported their first 
HSN1 outhreaks among poultry in 
6 months. Japan, which seemed to 
have dodged the bullet since its cluster of out 
breaks in 2004, confirmed that the virus hit one 
farm on 11 January and probably a second 
farm on the 23rd. South Korea. which last 
November suffered its first outbreak since con 
taining the virusin 2004, reported thatthe virus 
had turned up on a fifth poultry farm, Several 
wild birds found dead in Hong Kong tested 
positive for HSNI. And Indonesia on 
20 January reported its fifth human death 
from the virusin just 10 days, bringing its death 
toll to 62, by far the most of any country. 

The increase in outbreaks in the Northern 
Hemisphere follows what has become an 
established pattern. The reason for the sea 
sonality is still not well understood, says Les 
Sims, a veterinarian based in Manunds, Aus- 
tralia, who advises the U.NS Food and Agri- 
culture Organization (FAO). Its likely to be 
some complex interaction among several fac~ 
tors, including cooler temperatures enabling 
the virus to survive longer in the environment, 
eater poultry trade in preparation for winter 
festivals, and movements of wild birds. 

The recurrence of the virus in South 
Korea and Japan is particularly notable. In 
both the winter of 2003~"04 and this, 
outbreaks in South Korea were followed 4 to 
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High alert. Since HSN2 virus was detected in Japan this month, olficials have 
been checking blood samples from poultry at neighboring farms. 


6 weeks later by outbreaks in Japan. “The 
‘outbreaks in Japan and South Korea suggest 
tome free-flying birds as the most likely or 
£* says Sims, Both countries are trying to 
determine how the virus was reintroduced. 
“The reasons for these failures need to be 
‘examined and the lessons applied elsewhere 
sys Sims. But overall, he 
the response, particularly in Thailand and 
Vietnam, “is a positive sign and shows that 
the surveillance systems are working” 
In Indonesia, four of the five recent hus 
deaths occurred in the Jakarta area. In 
response, the city governme! 


on 17 January 


ordered residents who keep backyard poultry 
to eat, sell, or cull their birds by the end of the 
month or have them confiscated and destroyed. 


ing the live markets that currently account for 
80% of poultry sales in the city with slaughter 
houses. “It would be a sea change culnurally 

says John Weaver, senior adviser to FAO in 
Jakarta. Ifdone properly, he says, eliminating 
buckyard poultry could reduce the opportuni 

for the virus to survive in the environment. But 
he cautions against a sudden prohibition. 
id smallholders to hide their 
fowl and refuse to cooperate with animal dis 


ease control efforts, 
Early this week, meanwhile, 
‘over the putz- 
and potentially worrisome 
cluster of 
human HSN1 cases in Egypt. Late 
December, a 16-year-old girl and 
her 27-yearold uncle, living in the 
same house in Gharbiya province, 
both died of HSNI infection. 
Sequence information made public 
‘on GenBank on 23 January by the 
US. Navall Medical Research Unit 3 
¢NAMRU-3) in Cairo shows that 
both were infected with a virus 
strain that is moderately resistant t0 
Tamifla 
Tamiflu resistance has been 
n.a few other human HSNI cases 


reported 
after patients were given the drug, However 
the Egyptian samples showing resistan 
taken just2 days after Tamiflu treatm 
aan unusually short period in which to develop 
resistance, says NAMRU-3 commanding offi- 
cer Bruce Boynton. What's more, the virus in 
both patients had a rare resistance-conferring 
‘mutation, called N294S, seen only in one pre- 
‘vious HSN1 patient in Vietnam, 

That's why Boynton says the evidi 
suggests “a more disturbing” theory: that 
both were infected by a sick bird that 
already harbored the mutated virus. If more 
such birds exist, doctors may see more 
HSNI patients who don’t respond well to 
Tamiflu, And if such a resistant strain were 
to spawna pandemic, the world’s vast Tamiflu 
piles might be less help 

Tests are currently under way to d 
mine whether the patients had the resistant 
strain before they took the drug and whether 
Virus fiom a third suspected HSN patientin 
the household, who also died, has the same 
mutation, Boynton says. Veterinary virolo- 
ts are also checking to see whether the 
‘mutated virus can be found in birds in Egypt. 

DENNIS NORMILE AND MARTIN ENSERINK 
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ACADEMIC RESEARCH 


Harvard Proposes One for the Team 


Talk abou 
demic departments is cheap. But maki 
happen can be very expensive. Last w 
Harvard University made a $50 million 
down payment on the concept, including 
seed money fora first-ever, university-wide 
department in developmental and regenera- 
tive biology. The move is part of a major 
expansion of the university's science and 
4 planned 


eater collaboration across a 


wineering programs, including 
$500 million campus across the Charles 
River that was unveiled earlier this month, 

here's lot of life let in the disciplinary 


ices, butat the same time, the 


sei isatre 


toward concentration of resources and lai 


scale collaborative science,” says Harvard 
Provost Steven H 


announced the 


man, who last week 
Jarvard Univer- 
sity Science and Engineering Committee 
(HUSEC). The committee, which will report 
to Harvard's president and its governing 
board, will use the $50 million top 


ion of 


which will include stem cell 
f 
Which could Lead to similar new departments 

Harvard professors 


department 


research—and seed other initiatives, son 


ave traditionally con- 
within the 
confines of a particular school, be it the Fac- 
uty of Arts and Sciences (FAS), the medical 


ducted their research and train 


§ All together. Steven Hyman will lead a Harvard 
5 panel fostering interdisciplinary science. 


school and affiliated hospitals, or the schools 
of public health and of engineerin; 
applied sciences. Athos 
erased those lines decades ago, workin 
across departmental boundaries at Harvard is 
“not unlike [working] with two entirely sepa- 
rate institutions,” says Douglas Melton 
co-director of the Harvard Stem Cell Institute 

Hyman will chair the university-wide 
committee, which he hopes will keep the 


and 


th some unive 


ities 


36-year-old institution among the leaders 


in all fields of science and enginees 
And Hyman, 


fed to be on the short list of Ha 


through the 21st century 


rum 


Jidates, assumes that many 


presidential ca 
of the committee’s recommendations will 
cost money. “We expect [the committee] 10 
budget, and we know t 
more will be needed, 


propose 


he says, “Bu 

shows the faculty that we are serious. 
The new department will eventually have 

25 to 30 faculty members, says Hyman 


about half migrating from existing pro- 


rams and the rest new appointments—and 
report to both FAS and medical school 
deans. It will serve as a focal point for the 
work of nearly 700 people, a cluster that 


Melton calls “one of the highest concentra- 


tions in the world of stem cell sciemtists. 
Stem cell institute co-director David 
Scadden says the new department will be a 
“critical complement” to th 
institute, which will occupy space in the 
department's new building on the Allston 


activities of the 


campus, scheduled for completion in 2010. 
All the members of the new department will 
be part of the institute, which now has 
45 principal faculty members. 
Nancy Andrews, dean of basic se 
the medical school and a co-author ofa report 
last summer that recommended the formation 
of HUSEC, calls the department “the obvious 


nces at 


first choice” for interdisciplinary research 
because of the field’ rapid wrowth 
Hyman expects the new committee to have 


aa detailed plan in place for the new depart- 
ment by I April. “They are keen to b 
recruiting.” he notes, And he compares what 
Harvard is doingto the road map created a few 
years ago by National Institutes of Health 
Director Elias Zerhouni for more inte 
disciplinary programs across the agency's 
27 institutes and c 
response to the changing world of science.” 
says Hyman, “And this is our response 

“JEFFREY MERVIS 
With reprting by Constance Holden. 


ters. “That was his 
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New Cell Rules 


The Wisconsin Alumni Research Foundation 
(WARF) has scaled back tough licensing rules 
restricting academic research on its broadly 
patented human stem cell lines. Previously, a 
company needed a license even for university 
based research using the WARF lines, That 
restriction has been lifted, although a.com 
pany must stil have aticense to do its own 
work or develop products. The foundation also 
clarified its fees and how academics can trans 
fer cell i 

Jon Soderstrom, managing director of Yale's 
Office of Cooperative Research, says Ue old 

rete confusing, restrictive, and inconsis 

tent The change is “coming ata very crucial 
time for us,” he says, asthe school is now set 
ting up new stem cell program. The Santa 
Monica, California-based Foundation for Tax 
payer and Consumer Rights (FTCR) sys the 
move alleviates is concerns about restrictive 


policies that would hinder work at the new 
California Institute for Regenerative Medicine, 
However, FICR still believes WARF’s patents are 
ial, and the U.S. Patent and Trademark 
Office is currently reviewing an administrative 
i by the group to review the patents. 
ELI KINTISCH. 


request fi 


Big Bucks for ALS 


The latest sign ofthe increasing focus of dis 
‘ease advocacy groups on research is a $36 mil 
lion pledge by two nonprofit groups to identify 
new molecular targets against amyotrophic lat 
eral sclerosis (ALS). The venture comes as one 
of the groups abandons efforts to tackle ALS via 
published drug targets. After testing 150 exist 
ing drugs in 22,000 mice, “we've prety much 
exhausted all the logical targets for ALS,” says 
Sean Scott, president of the ALS Therapy 
Development Institute (ALS-TDI) in Carn 
bridge, Massachusetts, 

ALS-TDI is partnering with the wealthier 
Muscular Dystrophy Association (MDA) in Tucson, 
Arizona, Scott's research staff of 24 will add 
10 scientists probing gene and protein expres 
sion across healthy and diseased mice and 
human tissue collected through MDA’s network 
of medical clinics. The goal is to identify genes 
that behave differently in ALS in hopes of find 
ing out how those differences affect the disease. 

Jeffrey Rothstein, who is supporting work 
‘on new ALS mouse models at the Robert 
Packard Center for ALS Research through Johns 
Hopkins University in Baltimore, Maryland, has 
high hopes for the new partnership. But he 
worries that existing mouse models may not be 
reliable enough to serve as a guide. 

“JENNIFER COUZIN 
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The*Endangered 
Lab Chimp” 


“- 


Adecline in the number of chimpanzees available for biomedical 
research in the U.S. has sparked a growing debate on the opportunities 
and costs of studies with our closest relatives 


FIFTEEN YEARS AGO, THE UNITED STATES 
was one of a half-dozen countries that had 


nzees available to biomedical 


captive chim 


researchers, Today, it stands alone. Every 


country except perhaps Gabon has aban- 
doned this type of experimentation for a 
bramble of ethical, financial, scientific, and 
political reasons. Now the U.S. National 
Institutes of Health (NIH)—the main sup- 


porter of chimpanzees maintained for bio- 


medical research—finds itself facing an 
diary debate over whether it should 


phase out such studies or breed 


ince 


mals for future go 
Th 
over the past few months, in the face of a 


nerations of investigators, 


new projection about the fate of the captive 
chimps set aside for biomedical research 
For the past decade, NIH has imposed a 
moratorium on breeding any federally sup- 
ported chimps, which are housed at si 
mate centers actoss the country. It enforces 


the ban by refusing to support any newborns. 


JANUARY 2007 


In 2000, the U.S. Cong! 
that older 


surplus” ¢ 
needed for research be moved from primate 
centers to retirement sanctuaries. Asa result 
ped from 1500 in 
2006. Now, many 
biomedical 


the population has dr 
1996 to 11 


researchers who cond 


in Octob 


research on chimpanzees are worried that 
th 


mber of breeding animals is declining 


pidly that there will soon not be enough 
i to sustain the population. “The popula- 
tion is heading fora cliff says Todd Preuss, 
»scientist at Yerkes National Primate 
n Atlanta. Georgia, which 
uniry’s oldest colony of research 
If we don't sta 


ese chimpanzees soon, they're 


Research C 
the o 


breedit 
to 


chimpanzees. 


away, and they're going to be gone for good 


The push to breed more chimpanzees is 


forcing a reexami 


jon of questions that 


have long surrounded research with our 


closest relatives, an endangered species that 
is rapidly di aring in the wild. Where is 


SCIENCE 


‘Almost human, Th 

has mare than 1000 
chimpanzees tke this one) 
at Yerkes that, owing to, 
thelr similaritiesto us, 
are set aside for 
biomedical research. 


the line that separates ethical from unethical 
research? What type of housing do chimp: 


require? Where will the money come from 


to support the care of animals that routinely 


live 30 ye id can live wice 


1s long? Has NIH properly managed what it 


s in captivity a 


calls the “chimpanzee resource”? And why 
do scientists need chimpanzees for bio- 
medical research anyway’? 

On one end, the Humane Society of the 
United States and the New England Anti- 


Vivisection Society have launched cam- 


paigns to stop all 


invasive” experiments 
with chimpanzees that might harm them and 
to have all the animals moved to sanctuaries 
Some primate researchers, too, have mi 
givings about conduct 
and patho, 
in the United States on chimpanzees. 


he types of vac- 
cine, dr 


esis studies that are 


dor 


If you talk to a lot of primate researchers, 
they're not comfortable with it.” says virolo- 
gist Jonathan Allan, who conducts AIDS 
research with monkeys at the Southwest 
National Primate Research Center in San 
Antonio. Texas, one of the facilities that does 
biomedical chimp experiments. “You 
shouldn't be comfortable with it. You should 


have to search your soul as to the balance 


between the research and the good that comes 
from it and the bad part, which is what hap- 
pens to the animals. [ta difficult place to be. 
If you're comfortable with it and you don’t 
have any problem with it, hat'-a problem: 
Then again, a growing number of 
researchers, such as Preuss at Yerkes, conduct 
so-called noninvasive biomedical studies in 
these chimpanzees that they say cause them 
no physical harm. Behavioral researchers 
who are allowed to work at some 200s and 
sanctuaries —also study this population 
“There's so much we ean do without adestruc- 
tive approach to captive chimps” says Pascal 
ex, a primatologist at the University of 
fornia, San Diego (UCSD), who conducts, 
reproductive biology research with chim- 
panzee sperm samples. Gagneux, Preuss, and 
‘others contend that with new body-imaging 
the 


es.are 


technologies and the recent sequencing 0 
chimpanzee genome, the opportu 
greater than ever to use noninvasive tech- 
niques to learn about everyth human 
dlisease and aging to behavior and evolution. 
Still other researchers caution against 
making a blanket proclamation that invasive 
‘experiments with chimpanzees are unethical 
“To draw a hypothetical line in the air I don’t 
think does justice to the subtlety of these ques- 
tions.” says Norman Letvin, an immunologist 
atthe Beth Israel Deaconess Medical Center 
in Boston, who has done AIDS vaccine exper- 
iments in chimpanzees and monkeys. “These 
kinds of discussions need to be focused on 


very specific questions about a particular 
study.” Letvin no longer experiments on 
chimps and says he can’t see any compelling 
reason today to use lange numbers of them for 
biomedical research. But he stresses, as do 
many other investigators, that this animal 


model has led to “enormously 
valuable” medical advances in the 
past and may well in the future, 


Nu 
for Bre 


Unfashionable modet 
Scientists have conducted bi 
medical research on chim- 
panzees for more than a century. 
AS many proponents of this an 
mal model note, such research 
played a crucial role in the 
development of the vaccine for 
hepatitis B, a sometimes letha 
virus that has infected 2 billion 
people. But scientists around the 
orld have also performed stud- 
ies that are now considered 
bizarre or brutal. The U.S. Air 
Force’s chimponaut program 
shot them into space. Other 
researchers harvested their 


1400 
1200 
1000 
800 
600 
400 
200 
o 

197 


organs for human transplants, implanted 
electrodes into their brains to study sleep, 
and used them to gauge the effects of alco- 
\d marijuana. And a Soviet scientist 
mpted to inseminate them with human 
sperm to make a “humanzes 
NIH formally entered the chimpanzee 
research business in 1960, when Congress 
established a network of regional primate cen- 
ters for basic and clinical research. Some of 
f apes were bred in captivity, but 
many more were taken from A frica until 1973. 
‘when the United States signed the Convention 
‘on International Trade in Endangered Species 
of Wild Fauna and Flora, which barred the 
importation of wild chimpanzees. In 1 
faced with increasing demands for chin 
panzees from researchers studying the em 
ing AIDS epidemic, NIH started a breeding 
program. Numbers quickly grew, with the in 
al 315 male and female breeders producing 
ty 400 offspring by 1997. 
But the chimpanzee AIDS model had 
problems from the get 


these 


ne: 


pay a steep user's fee, at least $$0,000 per ani- 


in chimps. undermining the model's 
reliability. Once scientists discovered in 1987 
that SLY, a simian cousin of HIV, caused an 
AIDS-like disease in rhesus macaques, that 
became the model of choice. 

In 1995, with few chimps being used to test 
AIDS vaccines, NIH’s National Center for 
Research Resources (NCRR) established a 
moratorium on breeding the chimpanzees it 
supported “until further notic 
Although researchers co 


ber of Chimpanzees Av 


di Research in the U 


2002 2007 2012 2017 2022 2027 2032 2037 


* Projection assumes no further breeding. 


eaieanestaatte 
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use chimpanzees to study vaccines for hepati- 
is C and respiratory syneytial virus, as well as, 
treatments for other diseases, NCRR reasoned 
that the demand could be met with existing 
animals, In 1997, the National Research 
‘Council (NRC) essentially concurred, issuing 
a report, Chimpanzees in Research, that rec- 
‘ommended extending the breeding morato- 
rium until 2001, NRC's panel of experts cited 
‘compelling’ reasons for maintaining a popt- 
lation of about 1000 chimpanzees for 
research, But it concluded that the existing 
population was “more than adequate to meet 
research needs for atleast five years.” It also 
expressly recommended that no facilities 
thanize chimpanzees for population control. 
NCRR imposed the breeding and euthana- 
sia bans and. as the NRC panel n 
set up a Chimpanzee ment Progr 
(ChiMP) to monitor the status of the popu 
tion and promote the appropriate use of these 
animals in research, NCRR simultaneously 
established a working group of outside experts 
to advise ChiMP. The working group has n 
‘ommended extending the breeding morato- 
rium three times, most recently in May 2005. 
There was “a huge number of chimps that 
weren't being used” for research, says veteri- 
narian William Morton, a member of the 
ChiMP working group who runs a primate 
consulting company, Paris NHP in Edmonds, 
Washington. “They were just sitting there.” 
With the publication of the first draft of 
the chimpanzee genome in September 2005, 
calls mounted for NCRR to lift the morato- 
rium. In a commentary in that same issue of 
Nature, the heads of the US. primate centers 
again extolled the benefits of maintaining this, 
“unique resource” and 
warned that if the 
moratorium were not 
lifted, the population 
would sharply decline 
within S 
Since then, one of 
the co-authors, John 
VandeBerg, director 
of Southwest National 
Primate Research 
Cemter, has performed 
a more detailed analy- 
sis of the age and health status of 
the chimps housed at all six faeil- 
ities. Ata chimp meeting at 
erkes in October 2006, Vande- 
Berg said that of the 1133 ani- 
mals then available, just 200 
females were potential breeders, 
Ifthe breeding moratorium were 
not lied, he added, there will be no 
research chimps left by 2037, when 
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all of these chimpanzees will have died (see 
graph, p. 451), 

VandeBerg concedes that his model is 
~ simplistic” —for instance, it doesn't take into 
account the fact that some facilities, at their 
own expense, have bred a few chimpanzees 
despite the moratorium. Ev 
projections startled many at the mee! 
including Ajit Varki a glycobiologistat UCSD 
who helped lead the drive to sequence the 
chimpanzee genome, “What's happeni 
is really a disaster,” says Varki. Others noted 
that the aging of the population is already lim 
iting brain and behavioral research that 
depends on younger animals. 

Yerkes head Stuart Zola, who isa member 
of the ChiMP working group and the broader 
NCRR advisory co 
many of these “potential breeders” may not 


so, his blea 


cil, emphasizes that 


become pregnant or may not take care of off 


Like-minded? Using MRI, Emory University’s James Rilling does comparative 
analyses of chimp (lft) and human brains to study aging and evolution. 


('S almost too late unless 
al breeding initiated 


spring if they do. 
there's substan 
quickly." says Zola 

Although Zola is not one of them, several 
researchers fault NCRR for the way it has 
‘managed the chimpanzee resource. “Most of 


what they do is find mass spectrometers and 
clinical research centers.” says Varki, who 
‘would like the breeding moratorium lifted. “I 
think the chimpanzees are a thorn in their 
side." Even Morton, who supports the morato- 
rium, criticizes NCRR for its failure to hold 
12 wroUp he sits 
ts advice and develop a finan- 
cial and management plan for the population 
“Somebody needs to grasp this thing and show 
some leadership at NCRR.” says Morton, who 
previously ran the NCRR-funded primate cen- 
ter at the University of Washington, Seattle. 
‘What are the issues, and what are the facts?” 

John Harding, who heads primate 
resources for NCRR, would not explicitly 
address why no long-term plan exists. But 
Harding stresses that the institution works 
with the primate centers and has 
tive policies and processes to manage and 


oversee its chimpanzee resource program. 
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NCRR plans to convene its workin 


March to reassess the moratorium, which is in 
effect until December 2007. 


Ethical lines 
Should NCRR lift the moratorium, debate will 
likely intensify over what type of chimp 
research is ethically acceptable and worth the 
expense—especially now that almost every 
‘one else has gotten out of the business, 

‘The Netherlands, the last European coun- 
try to conduct invasive research on chim- 
of 2004 
its colony of more than 


panzees, outlawed the practic 
and 
100 animals to zoos and safari parks, In 


as been mo 


October 2006, the one Japanese pharmacet 
tical company still conducting invasive 
research in that country decided to stop; with 


support from Kyoto University, the com- 
pany plans to open a retirement sanctuary 
for its 80 animals in 
April. The Hepat 
Research Foundation 
in Poughkeepsie. 
New York, which has. 
nducted bio- 
arch at a 


long 
medical 
chimp 
in Liberia, decided 
last fall 1 rel 
st of its 74 animals 
onto island sanet 


ase the 


aries. Gabon’s Cei 
tre International de 
Recherches Médicales in Franceville has 
done biomedical research on its small popu 
of captive chimps in the past, but 
future plans are uncle; 

Morton s: 
States pl 


the United 
research with 


she 


chimpanzees, too. “It settles on the side of 
people who have ethical arguments, but for 
mncial reasons.” says Morton, “If you lift 
the moratorium, there's going to be breedin 
like erazy. and once again we'll have all the 
chimps and who'll be supporting them?” 
In fiscal year 2005, NCRR spent 8.7 mil- 
lion on chimpanzee care. More than 20% of 
that went to Chimp Haven in Keithville 
Louisiana, the country’s only publicly funded 
sanctuary for the retirement of surplus chim- 
panzees, and that amount is certain to rise: 
more animalsare retired. Primatologist Linda 
Brent, who heads Chimp Haven, which 
depends on both public and private funding 
«questions how the feral government could 


possibly afford to breed more chimpanzees. 
The estimated lifetime cost of caring for a 
chimpanzee—captive males live for 30 years 
on average. females for 45—rat 
$300,000 to $500,000, she notes. 


from 


VOL315 SCIENCE 


Wemnment does decide to invest 


IftheUS. g 
‘more money in maintaining the research chimp 
population, many investigators contend that it 
should rethink what types of experiments can 
be done and how the animals are housed 
“Chimpanzees should not be used as furry test 
tubes,” says Beatrice Hahn, a virologist at the 
University of Alabama, Birmingham, who 
hunts for AIDS viruses in feces collected from 
wild chimpanzees. Hahn, who conducts no 
invasive research, contends that “95% of the 


experiments done with themare not necessary.” 

In their 2005 Nature commenta 
nd co-authors argued that chim 
panzees should remain available for disease 


d for testing drugs and vaccines, 
notes that some proprietary 


experiments with monoclonal antibod 


done for commercial companies have led to 
illness or even death of chimps—preventing 
harmful drugs from entering human trials. 
“It’sunethical froma human standpoint to not 
do this research.” he says 

In an opposing commentary in the same 
issue, UCSD's Varki, Gagneux, and primatol- 
‘gist James J, Moore argue that chimpanzees 
should be used only in experiments that could 


also be done ethically in humans. That would 
rule out vaccine studies that intentionally 
infect animals with potentially harmful 
nce. Even with such con- 
mals to 


viruses, for ins 


straints, they predict demand for 
rise, “I suspect in $ 10 10 years from now, 


there’s going to be much greater interest in 


studying chimps in nondangerous ways.” say 
Varki If these chimps die off, he says, “history 
will look back and say how could you let that 
happen." In their commentary, they also called 


for increasing funding to provide chimpanzees 
with “optimal living conditions,” such as 
Chimp Haven’s facility, where chimps can 
socialize outdoors for much of the di 


Just how many chimpanzees the country 
needs to maintain a viable breeding population 
nains a hot-button issue. Nate Flesness, 
cutive director of the International Species 
formation System anda member of the 197 
NRC committee, notes that North American 
z00s have fewer than 350 chimpanzees that 
they share for breeding. Flesness and others 
say the U.S. government should simply sup- 
porta core breeding group of chimpanzees for 
biomedical research asan insurance policy for 
future emergencies. Beth Israel's Letvin 
agrees with this minimalist strategy 
learned anything over the years, 


fwe'w 


’s that we 
don’t know what the next epidemic will beand. 
what the next major health crisis is going to 
bey" says Letvin. “Itwould be foolhardy to take 
any potential animal model off the table 

JON COHEN 
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INVASIVE SPECIES 


Feared Quagga Mussel Turns Up in 
Western United States 


Scientists are trying to assess the potential for ecological and economic damage after 
finding a relative of the infamous zebra mussel in the Colorado River 


For 2 decades, the zebra mussel has tor- 
mented the Great Lakes. Along with its 
close cousin, the quagga mussel, the fantas- 
tically prolific mussels have clogged the 
intake pipes of power plants. coated the 
hulls of boats, and thrown ecosystems out of 
estern states have been so con- 
cerned that in 1998, they started a major 
led the 100th Meridian tnitia- 
tive, designed to prevent 

boaters from acciden- 

tally transporting the 

mussels or other exotic 

‘species to their waters, 

Now the initiative 
has suffered a major 
defeat. Earlier this month, 
quagga mussels were found in 
Lake Mead, a 50,000-hectare 
reservoir in Nevada. And 
week, they were confirmed 
downstream in the Colorado 
River. There’s no sign of zebra 
mussels: but observers fear 
their arrival is only a matter of 
time. State officials in Nevada 
and California are convening 
entific advisory panels to figure 
out what to expect and how to 
cope with the quagga. “This is, 
‘onganism that would be dev- 
astating for California's aquatic 
ecosystems and for freshwater infra- 

s Richard Soehren, water 
policy adviser for the California Department 
of Water Resource: 

Both zebra (Dreissena polymorpha) and 
quagya (D. bugensis) mussels are native to 
Eastern Europe. They are thought to have 
arrived in the Lakes by the late 1980s 
Via the ballast water of container ships. In 
some places, up to 700,000 zebra mussels 
crowd together in a single square meter. By 
clogging intake pipes, the mussels cost the 
power industry many millions of dollars in 
added maintenance. Inexonably. the mussels 
have spread down the Mississippi River and 
throughout much ofthe eastern United States. 

‘Asa popular destination for boaters from 
across the country, Lake Mead was clearly in 
the mussels’ path, and officials there have 


‘#2175 OP TO BOTTOM OAVE BRENER MICNIGAN SEA GRANT SOURCE CALFORNGA DEPARTMENT OF WATER RESOURCES 


wwwsciencemag.org 


CALIFORNIA 


been on the alert affer several close calls. In 
2004, for example, they found dead zebra 
mussels on. half-dozen houseboats arriving 
at Lake Mead, 1800 kilometers from the 
most westerly sighting of zebra mussels 
Now it’s clear that the quagga mussel 
already beat the zebra across the Great 
Divide. On 6 January. a diver doing a routine 
inspection of a breakwater found a quag 
mussel at a Lake Mead marina, a few kilo- 
meters upstream from Hoover 
Dam. “I was heartbroken,” 


ve 


*Quagga mussels found 


says Wen Baldwin, president of the Lake 
Mead Boat Owners Association, after the 
diver showed it to him. Since then, divers 
with the National Park Service (NPS), which 
runs the Lake Mead National Recreation 
Area, have found mussels in four more loca- 
tions, Based on the size of the mussels sent 
to him for identification, Robert McMahon 
of the University of Texas. Arlington, esti- 
mates that they have been in the lake for at 
least? years. The deep. cool waterand rocky 
bottom offer an ideal habitat for the quagea 
mussels, notes Charles Ramcharan, a limnol- 
ogist at Laurentian University in Sudbury 
Canada. “Lake Mead is going to have a hu 
infestation.” he predicts. 

Officials are worried about the impact 
‘on Hoover Dam, which last year generated 
3.3 billion kilowatt-hours of electricity, and 
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on the two drinking-water plants that also 
draw water from Lake Mead. Another big 
concern is the potential effect on sport fish- 
eries in the lake. The mussels filter huge 
volumes of water, removing phytoplankton 
and boosting nutrients, This seems to have 
harmed commercial fish stocks in some but 
notall of the Great Lakes, 

An emergency task force of NPS and 
state agencies in California and Nevada is 
scrambling to prevent further spread. As a 
temporary measure, Park Service boats 
have been grounded and concessionaires 
have been told not to transport rental boats, 
They have ramped up inspections of private 
boats.at the lake as well. California is trying 
to increase boat inspections at its three bor 
der stations that receive traffic from Lake 
Mead. Ann Malcolm, general counsel for 
the state's Department of Fish and Game, 
says the agency will ask the legislature for 
the authority to inspect any possible 
sources of water on boats and 
force owners to drain them, 

But the mussel seems to have 
already spread downstream, 
On 17 January, divers with the 
Metropolitan Water District 
(MWD) of Southern California 
found quagga mussels in Lake 
Havasu, near the intake to the 
Colorado River Aqueduct, which 
supplies water to 18 million peo- 
ple. “We are going to be taking 
aggressive action,” says Debra 
Man, MWD’s chief operating 
er. They plan to use chlorine 
copper sulfate to kill any mus- 
sels oF larvae in the 386-km-long 
canal, Luckily, quagga mussels 
prefer deeper, cooler water with 
relatively few nutrients, so they 
probably won't thrive in the canals, says Ed 
Mills, an ecologist at the Cornell Biological 
Field Station in Bridgeport, New York. 

However, if zebra mussels arrive as well, 
the situation could be worse. Not only might 
zebra mussels flourish in the aqueduct, but 
they could also cause serious problems with 
the many ditches and pipes in the Imperial 
Irrigation District, which takes its water 
from the Colorado River, “It’s conceivable 
those canals could require extensive mainte- 
nance,” says Michael Mizumoto, the dis- 
trict’s biological control unit supervisor. 

For the moment, however, scientists and 
‘managers will have enough headaches with 
the unfolding western drama of the quagga 
mussel. Says Rameharan: “Y'all just bought 
front-seat tickets to the invasion show." 

ERIK STOKSTAD 


26 JANUARY 2007 


454 


MEETINGBRIEFS>> 


209TH MEETING OFTHE AMERICAN ASTRONOMICAL SOCIETY | 


Three-Headed Quasar Promises to 
Shed Light on Universe's Past 


Triple plays are rare in baseball, but not as 
rare as triplet formations of quasars in space 
In fact, images depicting 


pultiple quasars in 
close proximity have always been routinely 
interpreted as mirages, different views of a 
single real quasar. 

But not always. Of roughly 100,000 known 
cosmic beacons that beam lumi- 


quasars 


nous radiation across the universe—about 


100 have been identified as bein 


airs. 


Quasars are powered by massive bla 


in the cores of galaxies, and when 


axies collide, their central 
black-hole q) 
separate identities, so pairs can 


survive at least fora while 
Collision of 


ird quasar 
with such a doublet would be 
an extremely rare event, but 
a 


now witnessed the birth of 


quasar triplets 

“We have found the first 
case of a physical triple-quasar 
said 
George Djorgovski of the Cali 
fornia Institute of Technolo; 


(Caltech) in Pasadena, leader 
of an international team report 
he discovery at the meet 


nated QQQ 1432-0106, were discovered 


Two of the quasars in the group, desig- 


before 1989. Astronomers originally 


believed that the pair was an illusion cre 


ated by gravitational lensing of a sin, 


ect of Ein- 


quasar. Such lensing, an 


stein’s general theory of relativity. occurs 


When an intervening mass’s gravity bends 


the light arriving from distant objects. In 


many known cases, such lensing bends the 
light from a distant quasar so much that it 
appears to arrive at Earth from multiple 
pathways, creating the impression of more 
than one object. 

Later observations of that quasar system 
n, how- 


questioned the mirage interpr 
ever, Many astronomers concluded that it 


consisted of two distinct nearby quasars at a 


redshift of 2.1, corresponding to a time when 


the universe was about 3 billion y 


More recently, astronomers fn 
and the Ecole Polytechnique Fédérale de 
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Lausanne in Switzerland. using data from the 


Keck Telescope in Hawaii, spotted evidence 
fora thind nearby quasar, fainter than the oth 


ersbut also at about the same redshift distance 
Further observations with the European 
Southern Observatory’s Very Lange Telescope 
in Chile confirmed the Keck finding, 
Efforts to explain the triplet as a 


tional-lensing effect have failed, 


Djorgovski said, as have efforts to find any 


intervening massive body that could have 
acted as. lens. And scrutiny of the colors of 


light emitted by the quasars revealed subtle 


differences, further suggesting that the three 


This is almost certainly 
Djorgovski said, “so 


quasi 


not a gravitational lens, 


wwe are left with the alternative explanation 
that itis: 


Although such systems should be rare 
entirely surprising. and their 
nderstand 


existence could aid ef 
the dyn: 


early universe. Light from the triplets 
departed on its journey to Earth more than 


1Obillion years ago, at a time when galaxies 


occupied a smaller universe and crowding 


led to frequent collisions. 
These i 


tions are in fact quite 
said Frederic Rasio of North 
nston, Illinois. In 


common.” 
in Ev. 
ter simulations show that 
ind merge to 


western Unive 


fact, his comp 


1d often collide 
laxies, and when two galaxies 
ick hole-powered 


form larger 
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quasars merged, the two black holes would 
begin orbiting 


ach other similarly to a 


Eventually, such orbiting black holes will 


ther and collapse into each 
other. Before that happens, however, another 
third black hole 
at which point the interactions 


colliding galaxy could brin 


to the dance 
get more complicated, Rasio’s simulations 
show. “The three black holes interact rather 

Rasio said 
is these black 


violently and unpredictably, 
‘What happens at the end 
holes basically kick themselves out of the 


center of that galaxy. 
Their rapid exit occurs after the latecomer 


black hole pairs up with one of the original 


wo, giving the remain avitational 
kick that hurls it out of the galaxy. 


The new pair recoils in the oppo= 
site direction, In both cases, the 
black holes depart their parent 
laxies at speeds reaching thou: 


nds or even tens of thousands of 
kilometers per second, 

These speeds are high enough 
that the black holes recoil cer 
tainly out into the halos of the 

Laxies and sometimes can even 
be kicked all the way out, 
meaning they become wandering 


black holes that go through empty 


Rasio said 


lactic space 

In the observed triplet quasar 
system, the black holes have just 
begun to come togethi 


to per- 
form their partner-swapping dance; they are 
II about 100,000 light-years apart, The 
id eventual split- 
up will take about 100 million years, 


entire process of me 


Rasio’s simulations indicate 

The process that Dr. Rasio has modeled 
is very, very farin the future,” said astronomer 
Virg 


nia, Irvine 


nia Trimble of the University of Califor- 


So in some sense, the prediction 
has been verified by the observation, and the 
observation has been explained by the the- 
ory” But 100 million years is a long time to 
\ait to see whether the future behavior of the 
triplet really matches the theoretical forecast 
Evidence that such triplet interactions 
‘occur could come sooner, however. A recoiled 
pair of black holes would soon merge and 


detectable, Rasio said, And there also exists 
the possibility of detecting a wandering black 


hole speeding through space, ideally not 
ding too close to Earth. 


Middle-Earth Denizens 
Mob the Milky Way 


dwarf galaxies 
J of looking for 
dwar, astronomers should have been search. 


The mystery of the missin 
may have been solved. Inste: 


for hobbits, 
Researchers from the Sloan Di 


in 
I Sky 
Survey reported the discovery of seven previ- 
ously unknown dwarf galaxies surroundin; 
the Milky Way, plus an eighth at the edge of 
the Milky Way's 
Because those sim 


ravitational influence 


galaxies were found in a 
survey of only one-fifth of the sky, dozens 
more are likely to exist, team member Daniel 
Zucker of the University of Cambridge, U.K. 


said at the meeting, 


Computer simulations based on current 
theories of galaxy format 
walaxies such as the Milky Way should be sur 


rounded by dozens or even hundreds of dwarf 
satellites, Until recently, however, only a few 
such satellites were known 


s 


Fecund “hobbit.” Leo 


A possible explanation for the discrepancy 
sis that many of 


supported by the Sloan res 
dim to be easily detect 


remely faint 


the dwarfs are to 


These new dwarf 
Zucker said. 
they seem to be much fainter than anyon 
re. So perhaps 


We're finding lots of them, and 


pected galaxies could be be 


rather than dwarf galaxies, we should give 


them the name *hobbit galaxi 


The eighth of the new galaxies, designated 
LeoT.isstr Atadistance of 14 mil- 


lion light-years, itis probably not a Milky Way 


ic transit 

Magellanic was circumstella 
which occur after a mas 
from the 1604 superna 


Raleigh re 
telltal 


around the blast, Re 


prevenc 
that Kepler 


from a stightly-n 
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Caught speeding, Long beti 
satellite galaxie 

passers-by. Rather than pursuing 
Small Magellanic c spe 
meters per second, possibly fast enough for them 
gravity. "W to now cons 
perhaps unbound to the Milky Way," said Nitya Ka 
Smithsonian Center for Astrophysics in Camb 


the Magellanic Clouds maj 


ds appear to be 


do hay 


fer the possi 


Kallivayalil and two other astronomers calculate 
by using data from the Hubble Space Telescop 
motion across the sky to that of very distant (ani 


tionary) quasars. The Milky Way could still kee 
Kaltivayalil said, if itis twic 
if its invisible halo of dark matter ha 


Supernova solution. The space-based Chat 
helped clear up a long-standing mystery abou 


Spotted by Johannes Kepler in 1604, the supernova has seeme 


Type la, a thermonu 


lear explo 


mulates too much mass to remain stal 


ing by a 


hen a white dwarf sta 


Mapping the darkness. Using almost 1000 hours of obs 
Hubble Space Teles 
resolution map yet of d 


Way's most prominent 


y turn out to be me 
lan 
Sc 


more than 300 kil 


n to escape our galaxy’s 
ity that th 
livayalil of 


pe Harvard 


ridge, Massachusetts. 


id the clou age. The 


toc 


ibk 
galaxies. The new maps, published last 


mpare 


fectively sta 


p the clouds in o' 


ter provides a massiv 


nt estimates suggest or —“batyonic) matter 


Xray Obser 
ta famous supernova 


atory h 


on, 


at the meeting, The x-rays rev 
sign of a thermonuclear blast. Type II supernov 
The 

ynolds 
of circumstellar material 
nova might belong toa new cl 


st project that has ever bi 
of the California Institut 
cipal investigator of the NASA prc 

ey), the project traced the location of dark matter across a wide 
patch of the sky (nine tn 


toa depth corresponding to 


d byt 


lomerates in clusters of galaxies. 
se wouldn't exist ast is today 
oof Caltech. There are hints, however, that ordinary 


always coincide with the dark-matter skeleton, 

some interesting discrepanc 

ier mapping by Anthony Tyson of the University of California, Davis, and 
ed similar 

said Tyson, who is not involved in the 
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satellite but rather a free-floating dwarf within 
the Local Group of galaxies, Zucker said, 
Leo T contains both old and new stars, 


erating a total brightness only about 


50,000 times that of the sun. The presence of 


because most oth 


fs ceased star form: 4 


ion long ag 

This is basically the smallest, faintest 
star-forming galaxy known,” Zucker said 
The Local Group could be filled with faint 


objects like this; 

More such dim, free-floatin 
could help explain the lack of dwarfs in pa 
observations, said Nitya Kallivayalil of the 
Harvard-Smithsonian Center for Astrophysics 


alaxies 


st 


in Cambridge, Massachusetts 
This missing 


atellites problem is really 
The 
point that there could be free-floating satel- 


one of the great mysteries,” she said 


ies bound to the Local Group but not neces 
sarily to any major member of the Local 
Group is very interesting, and it's something 
that is not outlandish when you look at the 
TOM SIEGFRIED 


os Angeles, California, 


Tom Siegiried isa write in 


commonly seen with Type I! supernovae, 
5. Kays 


tar burns out, collapses, and explode 


a remnant, recorded by Chandra, clinch the ase for 
Type la, astronomer Stephen Reynolds of North Carolina State University in 


wverywhere; oxygen is hard to find 


id. ‘Buta the same time, we've confirmed the 


ggest 
3s of Type la supernovae 


That material, Reynolds sad, 


ving time with 
astronomers have produced the highest 
istribution in the cosmos. “I's the 
th the said Nick 
Technology (Caltech) in Pasadena, prin 
st. Known as COSMOS (lor Cosmic Evo 


k matter’s 


sn done pace telescope 


the area covered by the moon) at various di 
time when the universe was about 
unknown material that gives off no vis 


k matter, 


way its gravity blurred the shapes of faraway 


ek in Nature, show that dark mat 


scaffolding around which the universe's ordinary (or 


“without this dark 
said COSMOS collabo: 


There are 


Massey. Previous dark 


within the map,” sai 


There is something funny going 
COSMOS project. -ts. 


screpancies. 
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Loopy Lens Proteins Provide 
Squid With Excellent Eyesight 


When Alison Sweeney wanted to learn abo 


eye evolution, she went to sea, While the ship 


rolled beneath her, she dissected the eyes of 
squid freshly retrieved from 1000 meters 
below andl tested how well each Jens resolved 
the details of a panel of ever-narrower black 
‘and white stripes. Back at Duke University in 
Durham, North Carolina, as a grad 


dent in the lab of Sinke Johnsen, she com- 
bined those results with biochemical and 
modelin, 


properties of lens proteins to reconstruct the 


data on the optical and chemical 
history of vision in cephalopods—squ 
octopl, and their relatives. From just one 
ancestral lens protein—vertebrates started 
With several—these marine invertebrates have 
evolved lens-based eyesight more than once 
Sweeney reported at the meetin, 

The work “is one of the first times that 
people have dissected the origins of the 
complesity in the lens” used by many 
underwater creatures, says evolutionary 
biologist Todd Oakley of the University of 
California, Santa Barbara. Seeing clearly 
undenw: 
witha h 


a lower index toward the edg. 


(er requires a special spherical lens 


refractive index in the center but 
This grade. 


tion is achieved with progressively lower 


concentrations, from the lens’s cen 


ward, of proteins called crystallins 
The 
the duplicated 


ienes for crystallins evolved from 


nes of small enzymes 


often involved in stress responses. Verte- 


es of erys- 
tallins, but cephalopods have just one fam- 
ily, the S-crystallins, which descend from 


To study this simpler protein family 


centric layers and analyzed its protein 


sing mass spectrometry and 01 
techniques, With the help of Duke's David 
Des Marais and Vih-En Andrew Ban, 


akeup er 
she fig. 
ured out evolutionary relatio 
mined how 

She 
of Florida, 


hat squids ¢ 


he proteins fold and interac and 
Mikhail M 


Gainesville 


z of the Univers! 


» sequenced 600 genes for 


species. “Ie proach that lam 
impr homas Wok 
phy siole North Carolina 


State Univer 
Rescarchers already knew that S-crystallins 
pared to the ancestral 


his loop 


liver enzyme. Early on in evolution 


was short. But innewer S-crystallin 


charged, Sweeney reported. The older, shorter 


the cephalopod lens. But there was a gradien 


for the me allins, with almost 


none in the center and relatively more near the 


edge. (Amounts dropped at the edge itself 
sted that there had 


1 for the longer le 


ent, crystallins 
y folded and evenly dispersed to ere 
ie. Tha 


3 lens’s center. But 
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Near-perfect eyes. Vampire squid lenses are 
designed for seeing details, even in virtual darkness. 


helps prevent this by further stabilizing the 


protein, Sweeney noted, In addition, the high 


positive charge helps keep the proteins apart 
I's amazing how finely tuned the squid lens 


is to do its job,” says Jonathan Henry, a 


al biologist at the University of 


developme 
Ilinois, Urbana-Champ: 


When Sweeney sequenced the S-erystallin 


genes fom various cephalopods, she expected 
to find that all these lens proteins had 
descended from a common cephalopod 
ancestor that had co-opted the liver enzyme, 
Instead, the sequences indicated that this 
adaptation of the enzyme into lens proteins 
occurred later, after the ancestral cephalopod 
had begun to dive 


.¢ into squid, octopi, and 
other species, How many cephalopod line- 

es independently came up with this solu- 
tion remains unclear, but “it looks like there's 
been novel evolution [of the enzyme] at least 
twice,” she reported. 
After her study, Sweeney is deeply 
Indeed, she 
ced that the 


impressed by cephalopod vis 


noted, the shipboard tests 


the evolutionary history of cephalopods, 


1 visual acuity better than in a state-of-the-art 
Zeiss dissecting microscope 


Muscle Fibers Shift 
Into High Gear 


poses drives home the remarkable ability of 
‘our muscles to adapt to diverse biomechanical 


demands, Manny Azizi and Thomas Roberts, 


biomechanists at Brown University, have new 


found that as certain muscles contract, they 
vary their shape to balance the need for speed 
and force, It's as if these muscles have a built- 
in automatic transmission, says Azizi 

Their study ... takes us one step closer to 
understanding how skeletal muscle works in 
active animals,” says David Carrier, a com- 
parative physiologist at the University of 
Utah, Salt Lake City. The data could even 
inspire better robots, “Their results may pro- 


vide a simple means for automatically vary- 


ing the z of a robotic [muscle] with 
chan; says William Kier of the 
University of North Carolina, Chapel Hill 


s in load: 


The body has several kinds of muscles, 
each characterized by a particular alignment 


Whale Worm Sperm Factories 


Five years ago, researchers were thrilled by a decomposing whale carcass 
they found on the floor of California's Monterey Canyon, 2900 meters 
underwater. The carcass was home to a thriving community of bacteria 
filled tubeworms, called Osedar, embedded in its decaying bones. The vis- 
ible worms were al females, each attended by up to 100 microscopic males 
that live in the female's gelatinous tube (Science, 30 July 2004, p. 668). 
Now, biologists have taken a closer look at these dwarf males and found 
that they have a distinctly odd but highly targeted development: They Fail 
tomature, except with respect to their ability to produce sperm. 

Since 2002, Robert Vrijenhoek and his colleagues at the Monterey Bay 
‘Aquarium Research institute in Moss Landing, California, have visited sev 
‘eral more whale falls, some of which are less than 1000 meters deep. At 
the meeting, marine biologist Greg Rouse of Scripps Institution of 
Oceanography in San Diego, California, reported finding at least nine 
‘Osedax worm species on these carcasses. “They are finding new species 
‘every time they go down, ” says Mark Martindale, an experimental embry: 
‘ologist at the University of Hawaii, Honolulu. 

Rouse has also brought womm-covered whale bones back to the lab, 
‘where he used electron and confocal laser scanning microscopy to detail 
the males’ anatomy. In his earlier studies, Rouse noticed that the male 
‘Osedax worms look like larvae of tubeworms typically seen at deep-ocean 
vents, But the new work shows them to be even less well-developed than 
these larvae, 

The dwarf males have no mouth, no anus, and no gut at all. There's no 
iculatory system, nor any of the intemal stores of bacteria that females 
‘depend on for nourishment, he reported. Smaller mates have lots of yolk 
{rom the egg from which they were born, and larger males have almost 


simula 
with unchangin 


of individual fibers. Biceps have parallel 
fibers and excel as fast contracters, forexam 
ple, In contrast, calf muscles are pinnate 
with short fibers ‘datan 
angle tothe direction of contraction, 
This configuration packs in more 
fibers persq timeter, making 
the muscle stronger, but sacrifices 


muscle w 


have both features. 
contractile speed. 

To build a computer model of how 
pinnate muscles behave under different 
demands, Azizi initially turned to pro- 


agrams for designing video games, which 
also require three-dimensional anima- 
tion. His virtual muscle could contract, 
shortening along the vertical dimen- 
sion—that is, its height—and expand 


g 
i 
F slong other dimensions to main a cone 
g 
H 
3 
i 
2 
i 
8 
5 
5 


stant volume, For each new muscle shape. 
Azizi observed whether, and to what degree. 
the fibers changed their angle. 

The simulations showed that certain mus- 
cle shapes caused contracting pinnate fibers to 
yen that happens, 
the muscle’s overall height decreases more 
than it would have had the fibers maintained 
their angle. In other words, the virtual muscle 
shifted into the equivalent of ahi 
increasing the speed of contrac 


shift toa less steep angle. W 


AL 


jons indicated that pinnate museles 
angles were the strongest 
Azizi then looked at whether re 
acted this way. He had expected tha 
ald h 
that is, undergoa characteristic shape change, 
and therefore be stron 


When he and Roberts evalua 
how the drumstick muscle of turkeys 
shortened under different conditions, ti 
the results surprised Azizi. “A single 
muscle undergoes not one shape 
change but a ra 
ent shape changes under 


eat ™ stances.” he said. 


virtual muscle. the turkey fibers 
themselves shortened about the same 
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ME oa. 
Oe 


fhe pinkish, 


ttach ts gelatinous tube of @ 


ying hale 


‘none, suggesting that males deplete this resource as they grow. 

Instead of internal organs, sperm at different stages of development 
stuff the male worm’s body cavity. Rouse discovered a unique sperm duct 
that opens out at the top of the male's head. His studies indicate that 
sperm precursor cells start out at the worm's head, migrate toward the 
“tail” and finally move forward again before being released, 

Rouse had previously suggested that as females age, they accumulate 
‘a harem of males. New data based on worms collected duting recent 
‘underwater expeditions buttress this view. The work suggests that imma- 
{ure worms that land on bone become female, whereas those that settle 
‘on existing female tubes become males—a pattern known in at least one 
‘other annelid, Rouse pointed out, 

The analysis of the male whale worm is exciting, says marine biolo- 
gist Kenneth Halanych of Auburn University in Alabama: “It reminds us 
that there are still many interesting discoveries that await [us] in the 
‘oceans’ depths.” EP, 


muscle contracted more under lighter forces, 
intoa high gear. With aheavy load, the 
of the fibers remained constant, and the 
od only a little and instead 
came more oval, just as in the simulations. 
In this way, the muscle operated at a lower 
gear and took full advantage of the dense 
packing of pinnate fibers, Azizi noted, 

Just as one changes gears on 
to crawl up an ever-steeper hill, “the diree- 
n of change in the muscle gears matches 
the mechanical demands of contractio 
Azizi said. Moreover, the muscle’ shifting of 
gears required no nervous system input, 
‘occurring automatically depending on the 
load applied. 

Azizi proposes that although pinnate mus- 
cle fibers often rotate as they contract, heavy 
oads pull against the fibers too much for 


muscles 
wh pi 
ve just one gear rai 


or contract fast but not 


ed bicycle 


of diffe 


different circum- 


Paralleling the 


them to do that. Thus, although pinnate mus- 
cles are supposedly specialized for force, 
under light demand, they can also work fast. 
The study is “outstanding and very important 
cle architecture with rela- 
says Andrew Biewener, a 
It’s 


amount under the 
various test condi- 
tions. But the overall 

for assessing m 


Fast and strong. Most of 
the hamstring muscles 
have parallel fibers 
(Giagram, left), whereas 
those in the calf are 
pinnate (ight). 


tion to function, 
biomechanist at Harvard Univer: 
something that many of us have thou: 
about but never worked or thought throu 
“ELIZABETH PENNISI 
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Pretty Structures, But What About 
the Data? 


THE "GREAT PENTARETRACTION” ("A SCIENTIST’S NIGHTMARE: SOFT 
Ware problem leads to five retrictions.” 
G, Miller, News of the Week, 22 Dee 
2006, p. 1856; “Retraction,” G. Chi 
etal, 22 Dec. 2006.p. 1875)in the wake 
of one of protein crystallography’ 


ribbons festooning 


greatest blunders, while an embarrass- 


of journals are just 


models, not data 
—Mil 


ment to the authors, nevertheless pro 
vides the rest of the field with some 
small measure of comfort beyond 


schadenfreude, The mistake so clea 
illustrates two lessons that we 
baby boot 


professors ram down the throats of 


pr 
aroused graduate students: (i) that those lovely colored ribbons festoon- 


ing the covers and pages of journals are just models, not data, and (ii) 


that you invite disaster if you don’t know what your software is actually 


“[T]hose lovely colored chemical results, conventic 


the covers and pages 


doin 


2 down there in the computational trenches. Students have a hard 


time subsuming these dicta into their souls for two reasons: the tyranny 


of authority (the vanity journals occupying the vanguard) and the inher- 


cent beauty of the macromolecular models that emer 


asif by m 


from the user-friendly crystallographic software accumulated over 
decades through the generous labor of the field’s talented reciprocal 


space-cadets, This case highlights the da 
al but | 
al papers and as is now outlined in the politely flac- 
ort published along with the n 


rs of ignori 


inthe of 
cid newsn 


tions, Schuldiner's 


group, for instance, had show 


in careful studies published in 
is workaday journals that the upside-down topology 


| from the erroneous structures of the multidr 


sist 


ance pump em 
membra 


could not possibly apply to the protein in its 


ler ie home [e.g.. (/)]. It's too bad these results were dis- 


‘CHRIS MILLER. 


Howard Hughes Medical tnsttute, Department of Biochemistry, Brandeis University, 
Waltham, MAQZ4S4, USA 


missed as just old-fashioned biochemistry 
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1. S. Win, ba, § Shuline, FEBS Let, $62,193 (2004), 


Crop Models, CO,, and 
Climate Change 


of the development of n 
ygement (4, 


concentration over the 
IN THEIR RESEARCH ARTICLE “FOOD FOR less than 4% of this yie 
thought: lower-than-expected crop yield stimu- 0.08 


lation with rising CO, concentrations” — similar to the d 
(30 June 2006, p. 1918), S. P. Long ef al. 


that crop models have to be im 


to enable estimation of future food produc- tal technology used to € 


tion under rising CO, and climate change 


Their conclusion is based ona very selective global food supply (6). 


Long eal. 


sample of crop models used in climate 
studies. A larg 


foup of process- 


based crop models have already been im- — ignori 


portant 
level rel 
ment, which is lar 


proved and/or tested satisfactorily with data ionships. For 


from field experiments, but they are ignored 


between 1961 and today. mainly because 


increase per ppm CO, (4), which is 
a by Lon; 
insignificance of the CO, sig 
et al’s contention that the experimen 


has a considerable effect on predictions of 


r re also & 
the crop productivity per unit area of plots, 


such as technology development, including 
sand im- 
5). Changes in CO, 


management, land use change, and cli 


mate effects, which require a much more 
inw n that offered by 


same period explain ted approach th 
eral, 

FRANK EWERT, ** JOHN R, PORTER,? 

MARK D. A, ROUNSEVELL? 


Department of Plat Sciences, Group Plant Production 
Systems, Wageningen University, .0. Box 430, 6700 AK, 
Wageningen, The Netherlands. *Faculty of Lie Sciences, 
University of Copenhagen, 10 2630 Taastrup, Denmark. 
‘Department of Geography, Université Catholique de 
Louvain, Place Pasteur, 3, Louvainla-Newwe, Belgium. 


Id increase assuming 


tal. This 
aln 


field chat 


apolating from 
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ional and higher 


Instance, crop ma 
ly determined by 
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by Long er al, (3). socio-economic conditions, is often sub- 2 Fmetet al, Ageic. Ecosyst, Environ. 93, 289 
e, the s of rising CO,on optimal lucing potential yields a1 aon 
Furthermore, the effects of rising CO, on optimal. reducing potential yields and 5) femiesn et ol, Agric Ewomst. Environ. 82,27 
crop yields in the past have been relatively some of the benefits of rising CO,. Esti- poy 
small. Other factors such as technology devel-_ mations of re; crop yields will also 4. F Evert, M.O.A. Rounsevel | Reginstr, MJ. Metager, 


‘opment have been more important and are 
likely to be so in the future (4). For instance, 
yields of wheat in Europe have nearly tripled 


don rel 
and land use change (4). Clearly, fu 
food production depends on several factors 
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A Leemans, Agi. Ecosyst Environ, 107, 101 (2008). 
5. Foad and agnculture Organization of he United Masons 
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Response 
‘OUR RESEARCH ARTICLE DID NOT CRITICIZE 
the design of models used to predict global 
change impacts on future food supply 
We argued that reliable model projections 
require accurate model parameterization. 
Data from the fully open-air field treatments 
with elevated CO, (FACE) indicate that the 
commonly used parameterization for the 
rtilization effect is overoptimistic. 
‘ognized that rising CO, is only one 
of many factors affecting future food sup- 
ply, but CO, has been shown to be pivotal 
in projecting an increase versus a de 
crease in future food supply under global 
change (1-4), 

Ewert ef al, suggest that rising CO, has 
had, and wil ct, attributing 
only 4% of wheat yield improvement over 
the past 30 years to rising CO, This 4% 
consistent with FACE, but not non-FACE 
results (extrapolating from Fig. 2A). We 
agree that the 50 ppm inerease in CO, may 
have played a relatively minor role in the 
past 30 years, But it is projected to inerease 
to 180 ppm over the next 50 years and thus 
has the potential to be far more important 

Ewert ef al. note the tripling of wheat 
yield since 1960, due to technology devel- 
‘opment, and imply that this will continue. 
Large inereases in cereal erop yields have 
been achieved by improved harvest index 
and nitrogen fertilization, but returns on 
these strategies are diminishing (5. 6), 
Although we hope that the improvements 
of past decades can be maintained, it 
will not happen without innovative new 
approaches and a perceived need for crop 
adaptation. In our judgment, urgent action 
is needed given the long times required to 
develop new cultivars adapted to change 
and able to realize in farmers’ fields the 
higher CO, fertilization effect observed 
in protected environments, Equally, fie 
scale manipulations of CO). includin; 
example, tropical locations, interactions 
with rising ozone. and genetic variation, 
are needed. Without this more secure para- 
meterization, projections of future global 
food security may have feet of clay. If we 
fail in taking these practic: ures, then 
might history say, were they modeling 
while the world’s grain supply burne 

STEPHEN P. LONG, ELIZABETH A. AINSWORTH? 

ANDREW D. 8. LEAKEY? DONALD R. ORT? 

JOSEF NOSBERGER,* DAVID SCHIMELS 
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USA *Photosynthess Research Unit, U.S. Department of 
Agricultse-Agricultural Research Service, Urbana, Ik 


61801, USA. “Institute for Genomic Biology, University 
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Problems with University 
Hiring in Spain 
SPAIN HAS COME A LONG WAY IN THE PAST 30. 
's, but in regards to science and technol- 
the country is suffering from growing 
pains on its way to claiming its proper place 
as one of the top 10 economies ofthe workd 
[Spain ranked eight in total GDP in 200: 
according to the World Bank (/)]. The abuse 
suffered by Antonio Ferriz ( n reconsid~ 
crs its university reform law.” X. Bosch, 
News of the Week, 10 Nov. 2006, p. 911) 
would be inconceivable in a system where 
merit is the principal factor for hiring faculty. 
Although in recent times, the top univer 
sities in Spain have followed well-estab- 
lished procedures in the selection of faculty, 
the process is riddled with irregularities at 
smaller universities, which are managed by 
low priority 


local governments that pla 


ity. Not hiring the best candidate available 
constitutes dereliction of duty by university 
officials. They are responsible to the com- 
‘munity that maintains the university 
The new university reform law repr 
tep forward in the process of quali- 
on of candidates, but there are no 
ives for universities to hire the be: 
possible candidates. Inbreeding and ethical 
Violations are likely to continue at all but the 
best universities in Spain until autonomy 
and responsibility run concurrently. 
JUAN}. MANFREDI 


Prolessor and Chai, Department of Mathematics, University 
of Pitsburgh, Pittsburgh PA 35260, USA. 


sents a 


fica 


Reference 
1. See htgtweb nodidbank rq WBSITE/EXTERMALOATA- 
‘SIASTIC,cortee WOK: 2039264 ~meruPK15044) 


pagePIA133150-pIPESATSIIIS-theSePK 
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ALTHOUGH DISCUSSION OF THE PROBLEM OF 
inbreeding in Spanish university hiring prac- 
tices is welcome (“Spain reconsiders its uni- 
versity reform law.” X. Bosch, News of the 
Week, 10 Nox. 2006, p. 911), itis frustrating 
tosee the debate so narrowly centered around 
the regulations related to details of hiring pro- 
cedures: The present system is focused on 
ntrolling the procedures (not unlike other 
European systems) instead of the outcomes, 
Itis sadly true that if universities were left to 
their own devices, too many decisions would 
be plainly wrong. But legislating to force aca- 
demiies to make the right choice isa poor rem 
edy fora deeper illness. The real questionsare 
why universities are making poor hiring de 
sions, and how to reverse this tendency, The 
answers must be based on the current reality 
that the general inte university and 
its drive toward excellence are at odds with 
the interests ofits members. A Spanish a 
demic nowadays benefits much less from hir- 
inga world-class, independent new colleague 
n from promoting a less-qualfied subor- 
dinate already at the university. This is the 
heart of the matter and where the debate 
should be focused: not how to force academ- 
ies to act against their interests, but how to 
align these interests with those of their uni- 
Versities, A culture of excellence sinks in 
very slowly, and growing numbers of excel- 
lent academics are thriving in Spain by 
swimming against the tide. It is time to turn 
it. I temporary measures are necessary, they 
should be clearly identified as such, distin- 
guishing them from the final model, in which 
universities and their members face the con- 
sequences of their decisions, as in any other 


sector of society. 
EMILIO ARTACHO 


Department of Earth Sciences, University of Cambridge, 
Cambridge C82 3£0, UK. 


CORRECTIONS AND CLARIFICATIONS 


[News of the Week: “Astrobiology fights fr its lie” by A, 
Laoler (29 Jan, p. 318). The picture credits on page 320, 
were reversed. The picture of Lynn Rothschild is courtesy of 
Roberto Anitorvlynn Rothschil/NASA, and the Centro de 
Astrobiologca building in Madrid is courtesy ofthe center 


Letters to the Editor 


LETTERS | 


| 
News Focus: Don't prety up tha pire jst yt” by. | 
Cousin @2 Dec 2006, p. 1866, The caption accompany 
ing this image inthe story nas miseadng. The orginal 
veto ofthe nage Ion the lef andthe modied one 
isonthe ight 


Breakthrough of the Year: “The Poincare conjecture— 
proved” by 0. Macken (22 Dec. 2006, p. 1848). Thernews 
Story stated that ofthe three groups that have worked 
though the missing detall of Perelman's papers, only Cao 
and Zhu claim to have finished the complete proof ofthe 
Geometrization Conjecture. Infact, Kleiner and Lott also 
make that dam 


TECHNICAL COMMENT ABSTRACTS 


Comment on “Evolutionary Paths 
Underlying Flower Color Variation 

in Antirrhinum” 

Mark D. Rausher 

‘Although Whibley etal. Reports, 18 August 2006, p. 963) 
argue for the presence of high-fitness ridges in the 
“Antirhinum Mlara-color adaptive landscape, their data 
‘are equally compatible with adaptive landscapes having a 
single peak and no ridges. Their demonstration of dive 
gent selection across a hybrid zane argues against the 
presence of adaptive ridges 


Fulltext at wwnescioncemag,orglegicontertll325/5820/ 
461a 


ResPONSE To COMMENT ON 
“Evolutionary Paths Underlying 
Flower Color Variation in 
Antirchinum” 

Annabel C. Whibley, Nicolas B. Langlade, 
Christophe Andalo, Andrew |. Hanna, 
Andrew Bangham, Christophe Thébaud, 
Enrico Coen 


Rausher’s assertion that divergent selection across 
2: hybrid zone is incompatible with adaptive ridges, 
although intuitively reasonable, i incorrect on several 
irons his alternative hypothesis ofa single moveable 
peak predicts a sharp environmental vanstion across the 
hybrid zone that snot supported by obserations. Thus, a 
high fitness path stil provides the most straightforward 
‘explanation of ou data 

Fulltext at wn sciencemag.orieaitonten/AU/3155581U 
4616 
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Your career is too impo 
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music 


Riffs on Numerical Themes 


na recent fi ewYi 
City, went downtown to hear some 
jazz. In most respects it was a per- 


normal concert: a quartet led by the 
saxophonist Rudresh Mahanthappa promot- 
ing a new CD in the sort of high-end jazz bar 
that seats about 100 people, all of them 
squinting in disbelief at the price of drinks. 
But there was also a tantalizing secret for 
those in the know. Mahanthappa composed 
the music for his latest album, Codebook, 
using number th the branch of mathe~ 
matics that has born such fruits as the 
Fibonacei sequence (the inspiration for e 
turies of art and mysticism, including the 
best-selling if often reviled Da Vinci Code) 
anil the tools of eryptography 

One could say that mixing math and music 
is nothing new. As the German philosopher 
Gotttried Leibniz put it, "Musie is the ple 
ure the human mind experiences from count- 
ing without being aware that itis cou 
But whereas all music is 


built to some extent on 
mathematical structures, 
Mahanthappa takes the 
relationship to the next 
level: Math isn’t just the 
medium of his art, itis 
also his subject. 

Take for example his 
tune “Further and In Bs 
tween.” The melodies 
batted between sax, 
bass, and piano are per- 
‘mutations ofa scale built 


on the semitone inter- 
vals (1,4,2,8.5,7). It hap- 
pens that 142.857 isone 
of the so-called eyelical 
numbers, which have 
long fascinated number 
theorists and numerolo- 
ists alike (not to con- 
fate the two), Cyclical numbers with 
have the interesting property that multiplying 
‘one of them by a whole number between I and 
/n generates a new number having the same 
digits rearranged (e.2., 142857 x 3 = 428871), 
Mahanthappa uses this arithmetical curiosity 
as a constraint for improvisation: play any- 
things longas it generates. eyelical number. 


But what does the audience get out of such 
mathematical mischief? The pessimist in me 
says that they get nothing at all, that it’s just a 
gimmick. Let’ call that the null hypothesis. If 
‘you've been tomoder art museums, you know 
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nmediately what | mean 
forward to read the 
antist’s explanation of the pile of 
tin cans covered in panty hose 
and melted bubble gum, you 
earn that it represents space- 
time, evolution, artificial ine! 


Codebook 


Audresh Maha 
Quartet (1) 


gence, ete.) 
To test the null hypothesis, 
gave Mahanthappa the best chance possible 1 
prove it wrong by assembling an ideal audi- 
‘ence, Sitting around the table with me were two 
musicians with no formal mathematical ti 
mathematician with no 
a couple of mathematicians who are also 
accomplished musicians, and, as a control 
group, a lawyer and a social worker. I passed 
around a cheat sheet so that everyone knew 
‘what to listen for. (The day before the concert, 
met with Mahanthappa and wrote down the 
‘order of the pieces to be played and the mathe- 
I basis of each.) The 
band mou 
e. and the exp 
‘ment began, 
Mahanthappa 
launched us into the 
deep end right away. 
both musically and 
mathematically 
Before the rest of the 
instruments joined. he 
broke the silence with 
a sequence of notes so 
fast and jittery it was 
like a spider dancing 
on his sax, The manic 
melodies of the tune, 
“The Decider,” are 
a mapping of the Fibo 
nacei sequenc 
‘onto the 12-tone musi- 


musical trainin 


cal scale. From that 
initial shock, the band 
carried the piece aloft in what felt like a series 
‘of booster rockets before reaching the seem- 
ingly free-floating (but actually quite struc- 
tured) space of improvisational jazz. 

Using the Fibonacei sequence seems like 
an arbitrary choice. perhaps verging ona gim- 
mick, Wouldn't a random sequence do just as 
well? According to Mahanthappa, the choice 
rises above gimmickry for two reasons. For 
‘one, he says, taking the sequence as his inspi- 
ration and constrain he could 
not have produced otherwise. For another. he 
claims, the mapped sequence has unique 


musical behaviors. “It sounds right no matter 
what key the others are comping (3) in’ 
told me, “I tried alternative sequences and 
they didn’t have that property 

Fair enough, However 
subtleties didn't imme: 
come across to my testa 
“The mathematical themes are 
difficult to hear,” remarked 
Michael Thaddeus (an al 
braic geometer at Columbia 
y) with furrowed 


nce, 


book after al 
thepieces Fromtburner,”in which a 
Coltrane melody has been run through sev~ 
ral layers of encryption—no human ear, no 
matter how prepared, would beable to detect 
Mahanthappa’s invention, 

Far more apparent than any of the individ 
ual mathematical tropes was an overall sense 
‘of hish complexity. “The drummer in partict- 
Jar was using thythmie elements from Indian 
way that was clearly 
far beyond that of an amateur.” observed 
Manjul Bhargava, a number theorist (and 
tabla performer) at Princeton University 
(Indeed, the drummer, Dan Weiss, is a stu- 
dent of the renowned Calcutta tabla player 
Samir Chatterjee.) 

But asthe show went on, mathematical neu 
rons did begin to fire. Thaddeus deduced that 
the melodies in “Further and In Between’ get 
their jumpy quality from the lack of consecutive 
digits in the eyelical numbers. He and Bhargava 
\Were also wise to the math within another tune, 
Enhanced Performance,” which is built on 
a nested set of accelerating polyrhythms. 
( Mahanthappa dedicated the pieve to steroid use 
among Olympicathletes,and knowing this con- 
tributed an extra squirt of adrenaline.) Nor did 
you have to be a mathematician (or a musician) 
(0 observe many of the tricks, Caroline Trow- 
bridge. nt graduate of Yale Law School, 
ily detected that layered within several of the 
but especially “Play It Again Sam" ded- 
icated to Samuel Morse—were the performers’ 
names in Morse code, like signatures on 
sound paintings. 

So on this basis, I can already rufe out the 
null hypothesis. The math is definitely more 
than just gimmick, even to the untrained eat, 
But what then does the audience get out of the 
experience? This is where the experiment got 
interesting. The band played two sets, and the 
breather between them, like a coffee break 
between lectures at a good scientific confer 
ence, brimmed with heated. cross-disciplinary 
conversation. Topics ranged from how con- 
straints act as dynamos for creativity (for 
‘example, the sonnet form in poetry) and the 


classical music it 


tunes 


www.sciencemag.org_ 


biological constraints that produce Fibonacci 
numbers in nature to the independent discov- 
(far earlier than in Europe) and use of 
onacei numbers in ancient Indian poetry. 
With our brains fizzing from such cross-talk, 

the second set was all the more enjoyable. 
‘And that supports my alternative hypothe- 
sis for what an audience can get out of a 
‘av unique, jazz- 


called it “the secret knowleds 
heightening of the senses from an awareness 
‘of hidden layers of meaning—and I agree. In 
addition, the quartet’s virtuosity makes their 
y 4 pleasure to behold, no matter how 
‘one feels about jazz. But before taking my 
word for it, I recommend replicating the 
‘experiment for yourself—with the CD if you 
uich a performance. 

-John Bohannon 


Notes 

1, The quartet comprises Rudresh Mahanthapp, Wy er, 
Frangois Moutn, and Dan Weis. 

2. Thesum ofeach pair of consecutive numbers in the 
Fibronacc sequence 1, 2.2, 23,5, 813,22 ol gen 
‘erates the oes. The tis of consecutive Fibonacci num 
bers 12,23, $8, 8/13, .] converge an the rational 
‘umber (0618033989), know a he golden 
mean, 

3 That's jac-speak for “accompanying * 
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SCIENCE AND RELIGION 


Arguing for Atheism 


Michael Shermer 


‘There is no position on which people are so 
immovable as their religious betiefs. The 
is no more powerful ally one eat claim ina 
debate than Jesus Chaist, or God, oF Allah, 
‘oF whatever one calls this supreme being 
The religious factions that are growing 
throughout our land are not using their 
religious clout with wisdom, Thes 
trying to force government leaders into 
following their position 100 percent. Ifyou 
disagree with these religious groups on a 
particular moral isstc, they complain, they 
threaten you witha loss of money or votes 
‘or both. I'm frankly sick and tired of the 
political preachers across this country 
telling me ... that iF want to be a moral 
person, I must believe in A, B, C. and D. 
Just who do they think they are? 


The reviewer i at Skeptic magazine, 2761 North Marengo 
‘Avenue, Altadena, CA 92003, USA. E-mail: msbermer@® 
shepticcom 
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moral conviction, must surely come 

from an outraged liberal exasperated 
with the conservative climate of America 
today, and one can be forgiven for thinking 
that in a review of The God Delusion thes 
are the words of Richard Dawkins himself, 
who is well known for not suffering reli- 
gious fools gladly. But no. They 
were entered into the Cor, 
sional Record on 16 Septet 
1981, by none other than S 
Barry Goldwater. the fountain- 
head of the modern conservative 
movement, the man whose 
failed 1964 run for the pre 
dency was said to have been 
fulfilled in 1980 by Ronald 
Reagan, and the candidate whose 
campaign slogan was “In Your Heart You 
Know He's Right.” 

If Goldwater had been president for the 
past six years, I doulbt that Dawkins would 
have penned such a powerful polemic against 
the infusion of religion into nearly every 
nook and cranny of public life. But here we 
are, and like Goldwater, Dawkins is sick and 
tired of being told that atheists are immoral, 
second-class, back-of-the-bus citizens. The 
God Delusion is bis way of, like the Howard 
Beale character in the 1976 film Network, 
sticking his head out the window and shout- 
ing. “I'mas madas hell, and I'mnot going to 
take this anymore.” 

But The God Delusion is so much more 
than a polemic. It is an exercise to “raise 
‘consciousness to the fact that to be an athe- 
ist is a realistic aspiration, and a brave and 
splendid one. You can be an athe 
happy, balanced, moral, and intell 
fulfilled.” Dawkins wants atheists to qu 
apologizing for their religious skepticism. 
“On the contrary. it is something to be proud 
of, standing tall to face the far horizon, for 
atheism nearly always indi 
independence of mind and, inde 
healthy mind” 

Dawkins also wants to raise conscious 
nessabout the power of Darwin's dangerous 
idea of natural selection. He believes that 
most people—even many scientists—do not 
fully understand just how powerful an idea it 
is. He attributes that failure to the need to be 
steeped and immersed in natural selection 
before you can truly recognize its power. In 
this context, natural selection “shatters the 
illusion of design within the domain of bio- 
logy, and teaches us to be suspicious of any 
Kind of design hypothesis in physics and 
cosmology as wel 

Out of obligation, of course, Dawkins 


S uch stirring words, spoken with such 
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BOOKS ETAL. | 


reviews and offers rebuttals to all the stan- 
dard arguments for God's existence. He con- 
centrates on dissecting the anthropie prinei- 
ple and dismantling intelligent design 
creationism. (As part of the latter efforts, he 
redirects the creationists’ argument from 
complexity to show that God must have been 
designed by a superintelligent designer, ) He 
then builds a case for “why 
there almost certainly is no 
God.” The remainder of the 
book outlines possible evo- 
lutionary origins of moral- 
ity and religious belief, a 
justification for being hard 
on religion, childhood reli- 
gious indoctrination as 
child abuse, and an elegant 
commentary on the pro- 
gressively changing moral zeitgeist 
Dawkins closes with a tribute to the power 
and beauty of science, which no living 
writer does bett 

‘When [ received the bound galleys for The 
God Delusion, | cringed at the title, wishing it 
were more neutral (why not, say, The God 
Question’). As read the book. | found myself 
wincing at Dawkins’s references to religious 
people as “faith-heads,” as being fess intelli- 
‘gent, poor at reasoning, or even deluded, and 
to religious moderates as enablers of terror 
ism. I shudder because I have religious friends 
mies who do not fit these descrip- 
tors, and | empathize at the pain such pejorae 
tive appellations cause them. In addition, fam 
not convinced by Dawkins’s argument that 
without religion there would be “no suicide 
bombers, no 9/11, no 7/7, no Crusades, no 
Wwitch-hunts, no Gunpowder Plot, no Indian 
partition, no Israeli/Palestinian wars, no 
Serb/Croat/Muslim massacres, no persect- 
tion of Jews as *Christ-killers,” no Northern 
Ireland “troubles’...” In my opinion, many of 
these events—and others often attributed 
solely to religion by atheists—were less reli- 
giously motivated than politically driven, or at 
the very least involved religion in the service 
‘of political hegemony. 

also never imagined a book with this ttle 
would ever land on bestseller lists in the 
United States. But was wrong. The data have 
spoken, The God Delusion isa runaway best- 
seller, a market testimony to the hunger many 
people—far more, I now think, than polls 
rev ‘have for someone in a position of 
prestige and power to speak for them in such 
an eloquent voice. Dawkins’s latest book 
deserves multiple readings, not just as an 
important work of science, but as a great work 
of literature. 


19.1126/«ience 1138989 
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THE EARLY YEARS 


Algorithm-Guided 


Individualized 


Reading Instruction 


Carol McDonald Connor,"* Frederick J. Morrison, 


Christopher Schatschneider,’ Phyllis Underwood’ 


ading and writing are among the 
Re Tnportnt sls int’ 
uition-driven world. Yet, aecordi 


{o the National Assessment of Educatio 
Progress (/), more than one-third of children 
in the United States lack fundamental reading 
skills. This rate is eve 
living in poverty, Miteracy is a societ 
and costly problem and is associated with 
increased rates of grade retention, referral to 
igh school dropout, 
juvenile delinquency (2). Many children 
to reach proficient levels in reading only 
because they do not receive the amount and 
type of instruction they need (3-5), 

Much of the controversy regarding the best 
‘way to teach children how to read has focused 
on whether instruction should be coxle-based, 
such as phonies, or based on whole fa 
and meaning (6-8), but this debate may miss 
the point, Although most children develop 
stronger reading skills when they receive a 
balance of explicit decoding instruction in 


higher for children 


special edueation, 


combination with meaningful reading aetivi- 
ties (7, 9-12), even a balanced approach the 
‘ory assumes that one approach, if itis the 
one, will be equally effective for all children 
(13, 14). Instead, the efficacy of any particular 
instructional practice may depend on the skill 
level of the student, Instructional strat 
that help one student may be ineffective when 
applied to another student with different 
skills (15-27). 


‘About the Intervention 
In a previous study. children who be; 
srade with below-avera 
skills demonstrated 
greater amounts of time in explicit t 
managed code-focused instruction (table SI) 
(16). For students who began with above- 
average reading skills, greater growth in letter- 
\word reading skills was actually related to less 
time in teacher-managed cod 


gan first 
we letter-word reading 
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Reading instruction. Lessons are tailored to ind 
vidual students, 


Iso found n between 
ary and instruction. Children with 
age vocabulary scores atthe start of 
the school year made greater 
when they spent more time throughout 
the year in child-man 
instruction (such a wing), 
In contrast, children who began with below- 
avenige vocabulary scores achieved the strong- 
est growth in word reading skills witha combi- 
nation of instruction patterns: Their reading 
skills grew more when they initially spent 
more time on code-based activities, with 
increased chil saning-focused 
instruction as the school year progressed. 
Algorithms used by Assessment to 
Instruction (A2i) Web-based software (22) 
incorporate these child-by-instruction interac- 
tions and, for each child, provide recon 
dations updated monthly regardin; 
‘and types of instruction (fi 
Individualizing instruction with the use of 
A2i does not represent a new reading curricu- 
Jum but rather a new way of implementing 
current reading programs. All literacy activi- 
ties are indexed to dimensions of instruction: 


ties. We 


code- versus meaning-focused, teacher- 
versus child-managed, and change over time 
(16) (table S1}. The dimension that describes 
code- versus meaning-focused instruction 
captures the content of the activity. Code 
focused instruction includes those activ 
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First grade students achieved stronger learning 
‘outcomes in reading when teachers fine-tuned 
instruction to individual students under the 
guidance of A2i software. 


designed to help students achieve proficient 
phonological decoding and word readin, 
skills (/4). Meaning-focused instruction is 
designed to teach children how to extract and 
construct meaning from text (23). The dimen- 
sion teacher- versus child-managed instruc- 


jon identifies who is responsible for focusing 
the students” attention on the learning activie 
ties at hand—the teacher or the student (4, 
16). Teacher-managed instruction may be 
highly int 
Jeading a discussion, Child-managed instruc- 
n includes activities in which students are 


tive, such as when the teacher is 


expected to work independently (see photo- 
graph, left) or with peers, Change over time 
‘captures the impact of changing the focus or 
instruction time through the school year (/6), 

These dimensions operate simultaneously 
so that any language arts activity falls in one 
Of four seetors (table S1). For example, chil- 
dren reading together in the library are partic- 
ipating ina child-managed, meaning-focused 
activity, The teacher instructing the children 
in how to segment or blend phonemes in 
words is 


ading a teacher ed, code- 
focused activity 

Inaddition to recommending amounts and 
types of instruction, A2i algorithms use chil- 
dren's reading scores to help teachers effec- 
tively group the children for instruction 
Lesson planning software helps teachers 
implement this individualized instruction on a 
daily basis (appendix SA and fig. $2), 

The individualizing instruction interven- 
tion asked teachers toteach reading for at least 


90 minutes a day during a dedicated block of 
time, to provide instruction to children with 
similar reading skills in small groups, and to 
follow the A2i recommended amounts and 
specific types of instruction. Control teachers 
were also expected to have a dedicated daily 
reading block (of 90 minutes) and to 
small groups ai to school policies. 
Assessment results were shatred with all teach- 
ers (appendices SA and SB), All teachers in 
the treatment group received the same amount 
‘of raining on how to plan and implementindi- 
Vidualized reading instruction using A2i 
Control teachers received no professional 
development from our program during this 


experimental phase. Thus, expectations for 
amount and structure of reading instruction, 
Were similar across groups, whereas the 
access to A2i recommendations and profes 
sional development was different. 


‘Methods 
This cluster-randomized field trial asked 
whether providing individualized reading 
instruction (as guided by A2i algorithms) 
would cause stronger student reading out- 
‘comes. The study was conducted in an ethni- 
cally and economically diverse school district 
in Florida, in 10 schools, with 47 teachers 
and 616 first-grade students. Schools were 
matched and paired on key indicators, with 
‘one randomly assigned to the treatment group 
(n= 22 teachers) and the other to the control 
group (1 = 25 teachers). All participating 
schools had students living in poverty (table 
‘S2.and appendix SB). 

uudents’ language and literacy skills were 
assessed in August 2005 and in January and 
May 2006 with the use of the Hoodeock 
Johnson Tests of Achievement (24). which 
are predictive of performance on state and 
federal achievement tests (/) (tabl 


Results and Implications 
‘Our results revealed that individualized 
instruction, guided by A2i and supported 
by professional development, promoted 
stronger student reading growth compared 
with that of the control group, controlling for 
fall reading and vocabulary scores as well as 
child and school characteristics (residualized 
mean difference = 2.63, 95% confidence 
interval = 0.37 to 4.90; appendices SB and SC 
and table $5). 

However, individualizing student instruc 
tion using A2i software, even with profes- 
sional development, proved challenging for 


some of the teachers in the study. We captured 
of treatment in two ways, through 


spent using A2i (appendix SC), Basedon 
classroom observations, by February. nine 
teachers (41%) implemented the intervention 
with moderate to high fidelity table $4). Two 
teachers (%) did not implement the interven- 
tion until toward the end of the year. Teachers’ 
use of A2i software also varied. On average, 
they used A2i for 180 minutes from I 
September to 31 May (range 15 to 374 min- 
utes, median = 191 minutes). Six teachers 
used the software for less than 100 minutes, 
whereas 11 teachers used the software for 
more than 200 minutes. Teachers who used 
A2i more frequently also tended to better 
implement individualized instruction in the 
classroom (correlation, r= 0.34, P= 0.014). 
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Although it is not possible to fully dis- 
entangle the impact of individualizing 
instruction using A2i and the professional 
development teachers received. it is un- 
likely that the reading outcomes were due 
to teacher training alone. The treatment 
teachers all received the same amount of 
training, yet varied in the number of min- 
utes they used A2i and the extent to which 
they individualized instruction. Thus, we 
could examine these two markers of 
fidelity as they related to children’s reading 
outcomes, holding the amount of training 
constant. We found that the more time 
teachers spent using A2i, the stronger were 
their students’ reading skills by the end of 
the year (a I-point increase in W’ score for 
every additional 0 minutes teachers used 
i. (20) 97, P = 0.008; table $6). 
There was also an interaction with stu- 
ial vocabulary scores. When 
used A2i more frequently, on ave 
their students demonstrated stronger 
‘outcomes compared with children who had 
similar initial vocabulary scores in the 
control classrooms. Additionally, in higher 
fidelity classrooms, students with below- 
average initial vocabulary skills (including 
many children from high-poverty families) 
achieved reading scores that were generally 
comparable to students with higher initial 
vocabulary scores (tables S7 and S8, fig. 
$3, and the figure shown below). Taken 
ther, using A2i and implementing A2i 
recommendations in the classroom appear 
to contribute to stronger student outcomes 
over and above the training teachers 


& 


Spring passage comprehension W score 


Interaction between A2i use and vocabulary. 
‘Spring scores for firs graders who started the year 
with below-average vocabulary (blue) (25th per- 
centile; W score = 474; age equivalent, 6 years) and 
above-average vocabulary (red) (75th percentile; 
W score = 486: age equivalent, 8 years). Mean 
terminal cores are shown for children inthe control 
‘group (circles) and the treatment group (lines); 
treatment group results vary depending on teach- 
ess’ AZi use (table $6). 
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received, although no doubt both aspects 
contribute to better reading results, 

Thus, individualized reading instruction 
‘guided by the A2i algorithm and coupled with 
professional development supports teachers 
in their efforts to provide optimally effective 
reading instruction for all children. 
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SNPs, Silent But Not Invisible 


Anton A. Komar 


ingle nucleotide polymorphisms (SNPS) 
S resal gnc changes ond i a 
coding and noncoding regions of the 
genome, The genetic code is degenerate in that 
‘most amino acids are represented by more than 
‘one triplet of nucleotide bases (a codon). Such 
codons are considered synonymous. Many 
SNPsare “silent” as they result in synonymous 
codon substitutions. Because these silent SNPs 
donot change the amino acid composition of 
the protein product, they have largely been 
assumed to exert no discernible effect on gene 
function or phenotype. But are silent SNPs 
indeed always silent? On page 525 in this issue, 
Kimehi-Sarfaty etal.) peovide evidence that 
naturally occurring silent SNPs can affect in 
Vivo protein folding and, consequently, func- 
tion. The study shows that substrate specificity 
of P-glycoprotein, the product of the multidrug 
resistance | (MDR1) gene, is altered by SNPS 
‘presumed to be synonymous and silent. How is 
this possible 
The original Beadle and Tatum hypothesis 
of “one gene, one enzyme”—the essence of 
the classic view of gene structure and fune~ 
tion—started to break down almost as soon 
as it had been completely formulated (2) 
Cellular processes, including alternative 
RNA splicing and posttranslational protein 
modifications, create more than one protein 
provluct from a given sequence in the genome, 
Yet. it is widely assumed thata single messen- 
ger RNA (mRNA) encoding a polypeptide 
chain with a defined amino acid sequence 
Will give rise to, during the process of trans- 
lation, identical protein products in terms of 
their structure and activity, assuming that 
these products undergo the same co-and post- 
translational modifications in the cell. This 
assumption is based on the widely accepted 
Anfinsen’s principle, which states that the 
information necessary to specify the n: 
three-limensional structure of a protein 
which largely defines its function 
tained solely in its amino acid sequence (3). 
Although these two principles ean still be 
applied to a wealth of genes and proteins, a 
polypeptide chain can exist in the cell in a 
number of alternative conformations, reveal- 
ing different functions and/or activities. For 


is con- 
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‘Translation kinetics and protein folding. Unatfect 


Single nucteotide polymorphisms that are 
considered “silent” can affect protein folding. 


eaq f 


ri 
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ied translation kinetics results in a corectly folded pro- 


tein, Abnormal translation kinetics, caused by the ribosome moving faster or slower through certain MRNA 
regions, can produce a diflerent final protein conformation. Abnormal kinetics may arise rom a silent single 
‘nucleotide polymorphism (SNP) in a gene that creates a codon synonymous to the wild-type codon. However, 
this synonymous codon substitution may lead to different kinetics of mRNA (protein) translation, thus yield- 


ing a protein with a different final structure and func 


example, a neuronal isoform of cytoplasmic 
polyadenylation element binding protein in 
the sea slug (ph sia californica) exists in two 
different forms: a soluble inactive form and 3 
insoluble active form that regulates synaptic 
protein synthesis (4). The molecular mech 
nisms that can drive the folding of a polypey 
tide chain in vivo into alternative conforma 
tions are still mostly obscure. 

The crowded cellular environment, folding 
catalysts, andaccessory proteinsall contribute 
to protein folding in the cell (5). Could the 
be other factors affecting the final conforma- 
tion of a protein? In 1987, Purvis and co 
leagues proposed that “the way in which some 
proteins fold is affected by the rates at which 
regions of their polypeptide chains are trans- 
odin vivo" (6). They hypothesized that ce 
tain “gene sequences have evolved to control 
the rate of translational elongation such that 
the synthesis of defined portions of their 
polypeptide chains is separated temporally.” 

The rate of ribosome traffic on mRNA is 
known to be nonuniform and mainly modu- 
lated by both the general degeneracy of the 
genetic code (namely, the use of specific syn- 
‘onymous codons that is characteristic for a 
given organism) and the availability of cog 
nate aminoacyl-transfer RNAs (RNAs) that 
surround the ribosome during translation, 
poised to deliver amino acids. Within many 
organisms, a strong codon bias exists (7) and 
the amount of cognate tRNAs is directly pro- 
portional to the frequency of codon usage. 


tion, 

Thus, infrequent codons in mRNA appear to 
be slowly translated, whereas frequent codons 
are rapidly translated. 

Optimization of in vivo protein folding 
which is thought to be cotranstational (3) 
‘might include the adaptation of codon selec- 
tion along DNA (and hence, along correspon- 
ding mRNA) toa particular translation kinet- 
ies. Temporal separation of folding events 
during protein synthesis on the ribosome 
might thus avoid “unwanted” interactions 
within the growing polypeptide, ensuring 
high yield of the correctly folded protein, 
Therefore, altered translation kinetics of a 
defined mRNA due to, in particular, synony- 
mous codon substitutions (which would not 
alter the amino acid sequence of the encoded 
polypeptide) might drive the in vivo folding 
of the same polypeptide chain into different 
conformations (see the figure). 

This hypothesis is very difficult to prove 
using in vivo systems, because numerous 
quality-control mechanisms exist to get rid of 
incorrectly or abnormally folded and mis- 
folded proteins (8), So far, supporting expe 
mental data have been scarce, making the 
findings of Kimechi-Sarfaty et al. particularly 
important, The authors show that combina- 
tions of the three previously known SNPs 
for the MDR/ gene (C1236T, G2677T, and 
(€3435T) alter P-glycoprotein activity. P-aly- 
coprotein isa multiple-transmembrane pro- 
tein pump that transports various drugs out of 
cells, Its function can thus reduce the efficacy 
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of chemotherapy treatments. Kimchi-Sarfaty 
etal, found that P-glycoprotein inhibitors CsA 
and verapamil were less effective against pro- 


teins that were produced from haplotypes that 
consist of the polymorphic double (C1236 


G2677T. C1236T-C3435T, G2677EC3435T) 
or triple (C1236T-G2677F-C3435T) variant 
esti 


combi hat these pro 
products have altered conformations, 
C1236T and C343ST polymorphisms do not 
change the amino acid sequence of P-zlyco- 
protein, The C1236T polymorphism changes 
4 GGC codon to GGT at amino acid position 
412 of the polypeptide (both encode glycine) 
and the C3435T polymorphism changes 
ATC to ATT at position 1145 (both encode 
isoleucine). However, both polymorphisms 
sult in chang 
codonsand therefore may slow down the Fibo- 
mRNA 
regions. These alterations may thus affect the 
ional folding pathway of P. 
protein, resulting in a different final confor- 


Yet 


5 from frequent to infrequent 


1 traffic at the correspondi 


cotrans! 
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mation. Limited proteolysis and the use of a 
| antibody 
indeed revealed structural differences bet- 
ween the wild-type protein and the polymor- 
phic haplotypes. 

Artificial site-directed silent mutagenesis 
mous codons (changing from infre- 


conformation-sensitive monoclona 


of synony 


‘quent to frequent) in certain genes also sup- 
port the hypothesis that altered translation 
kinetics of mRNA might affect final protein 
conformation (9). However, until the study 
by Kimehi-Sarfaty ef al,, there had b 
example demonstrating that naturally occur- 


nno 


variations in synonymous codons in a 


ne can 


defined g ve rise toa protein product 
with the same acid sequence but dif- 
ferent structural or functional features. By 


ase, the 
rh and 
w 
development and progression of certain 
ent SNPs 

should not be neglected in determining the 


ing that this is indeed the 


Up a new avenue of rese: 
rests that si 


contribut 


diseases. If this is the case, then si 


The Jet-Stream Conundrum 


‘Mark P. Baldwin, Peter B. Rhines, Hue 


el streams, or “Jets” for brevity, are con- 
centrated, intense, elongated flows that 
often contain most of the kinetic energy 


ina flowing fluid, They are pervasive 
of Earth's 


mosphere and oceans, where they 
sport heat, chemicals, and even biota such 
askrill, and they are also abu 
planets (see the Figure). 


Jets are observed to occur spontaneously 


(on rotati, ratified atmo- 


planets whenever 


spheres or oceans are forced into turbu 
‘motion, Yet there is a mystery as to why jets 
exist at all—why is there this propensity to 
concentrate energy and momentum? A second 
mysterious property of jets is that they ¢ 
as flexible material barriers, inhibiting mixing 


across their axes, The strongest eastward jets 


provide expressways for the transport of 
chemicals and biota along their axes but 


severely inhibit mixing across their axes. A 
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new theoretical paradigm (/) explains the 
abunda ts, in any planetary atmos- 


. in a simple manner. The pani- 
s field theory with chaotic (0 


bulent) fluid motion; in doing so, it captul 


¢ interactions that are crucial for 
and stabilizing jets. It shows that mix- 
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likelihood of the development and progres- 
sion of many diseases such as Alzheimer’s dis- 
ease, myopia (a disease leading toa refractive 
defect of the eye), and others that are strongly 
linked to SNPs, This knowledge should also 


be taken into account in personalized drug 


treatm 


nd development programs. 
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Fluid jets occur in Earth's atmosphere and 
‘oceans, and on other planets. A new theoretical 
view of jets has helped reveal why they form and 
how they interact with the surrounding fluid. 


ing a Muid on a rotating planet will invariably 
produce jets and thatthe two mysteries, jt fo 
mation and the inhibition of mixing, formerly 
arded as two separate phenomena. re inti- 


ly related to each other. 
Both jet formation and the inhibition of 
ining 


are completely enigmatic in terms of 


Jets near and far. (Left) Map of east-west current speeds at 400-m depth, simulated by an eddy-resolving 


[Adapted from Heimpel etal. (16)] 
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Red and blue indicate eastward and westaard flows, [Adapted from Richards et al. (11)] 
(Right) Snapshot of a simulation for Jupiter, with red and blue indicating eastward and westward flows. 
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standard turbulence theory. In the standard 
paradigm, a turbulent flow puts fluid particles 
into random walks that cause local mixing 
everywhere. Mixing implies that any quantity 
carried with the flow, such as a chemical 
tracer, will eventually become uniformly 
distributed. However, this contradicts the 
observed inhibition of mixing across jet axes. 
‘example, the stratospheric polar night jet 
has different chemical properties on either 
side of the jet axis, thereby containing the 
‘ozone hole (2), Furthermore, in the standard 
paradigm, momentum is locally mixed like a 
chemical tracer. If this were the case, jets 
would immediately begin to dissipate, 
again contradicting observation. One rea- 
son for the persistence of jets is that there 
are wave motions and long-range, nonlocal 
interactions; the latter are not considered in 
the standard paradigm. It is these long 

range interactions that are best understood 
using field theory. 

The new paradigm keeps the idea of mix- 
ing but combines it with the long-range inter- 
actions. All waves involve restoring forces like 
those in an elastic medium, and they give rise 
to subtle long-range effeets—outside the 
scope of the standard paradigm—including 
long-range momentum transport by waves 
(radiation stresses), 

‘Also among the nonlocal efleets are sim- 
pile fields somewhat like the electrostatic field 
of a positively charged atomic nucleus. An 
atom in its ground state consists of the nucleus 
and its electrostatic field, together with a 
quantum field described by Schroedinger's 
equation. The quantum field represents the 
electron orbitals, which are carried along with 
the atomic nucleus no matter how the nucleus 
‘moves, ats long as it moves slowly enough. 

The fluid analog to the nuclear charge that 
holds the atom together isa scalar field called 
the potential vorticity (PV), PV is unified 
measure of actual or potential swirl or shear 
(including planetary rotation) and is earried 
with the flow like a chemical tracer (3). 
Strong, compact PV anomalies carry with 
them recognizable velocity, buoyancy, and 
pressure fields in the surrounding Muid, just as 
atomic nuclei carry electron orbitals (again 
provided that the motion is slow enough). 
‘These structures are the famitiar pancake-tike 
vortices of cyclones and anticyclones, from 
ordinary cyclonic depressions to Hurricane 
Katrina and Jupiter's Great Red Spot. Know- 
ing the PV anomaly is enough to deduce the 
entire vortex structure, just as knowing the 
nuclear charge is enough to deduce the entire 
atomic orbital structure, The deduction of the 
vortex structure from the PV field is called PV 
inversion (4). The new paradigm comes 
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from combining the turbulence-theoretic 
idea of mixing with the field-theoretic idea 
of PV inversion and from giving the two 
ideas an equal status. 

Planetary rotation provides vast reservoir 
of PY, with a south-north gradient that enables 
‘wave propagation. PV inversion allows us to 
deduce the velocity field corresponding to 
displacements of the fluid (and PV contours). 
For example, the velocity field corresponding 
toa large-scale east-west wave pattem causes 
the wave (called a Rossby wave} to propagate 
‘westward, The PV contours therefore behave 
somewhat like elastic bands, and itis this so- 
called Rossby elasticity of the PV gradient that 
supports the propagation of Rossby waves. 

The key to understanding jets is that PV, 
‘not momentum, tends to behave like a tracer, 
It is therefore PV that is mixed when the 
fluid becomes turbulent. Mixing weakens 
the south-north PV gradients, reducing the 
Rossby-wave elasticity and encouraging fur- 
ther mixing. This positive feedback tends to 
make the mixing spatially inhomogeneous. 
Thus, strong mixing creates a profile in lati~ 
tude of alternating steep and weak PV gradi- 
ents, called a PV staircase. This staircase cor- 
responds (through PV inversion) to thin, fast 
eastward jets located at the latitudes of the 
steepest PV gradients and strengthened elas- 
ticity. Furthermore, the strengthened elasti 
ity there, together with the jet shear, strongly 
inhibit mixing across the eastward jets (2. 5 
‘Thus, the new paradigm explains both jet for- 
‘mation and the inhibition of mixing. 

The new paradigm demonstrates how 
a rotating planet can concentrate energy 
and momentum into jets, with faster rotation 
yielding not just one jet but several or many 
(5-7). This Scaling theory links the planet's 
and the turbulent 
energy level of the fluid to the scale 
and spacing of its jets. In accord with this 
theory, Earth’s atmosphere has just one or 
two jets per hemisphere, whereas Jupiter and 

th’s oceans have many (see the Figure), 
Several new planetary flight missions — 
including NASA's Mars. Reconnaissance 
Orbiter, the European Space Agency's Venus 
Express.and NASA\s planned Juno mission to 
Jupiter—are poised to provide detailed obser- 
vations of extraterrestrial atmospheres. These 
observations are needed to understand, for 
example, Jupiter's Great Red Spot, which 
owes its persistence to the surrounding jets 
and Rossby waves (8). 

Although the new paradigm helps us 
understand the mystery of jet formation and 
persistence, the emerging details of many 
jet-related phenomena in nature remain to be 
fully explored. Earth’s atmospheric jets have 


shified poleward by about 1" since 1979 (9), 
with corresponding shifis in climate zones. 
New data sets and high-resolution computer 
simulations have revealed a previously un- 
known set of mid-ocean jets (/0-1/) (see 
the figure) as well as velocity extremes 
within the Antarctic Circumpolar Current 
(/2).The first hints of how Antarctic krill use 
the circumpolar jets are emerging, promising 
new insights into the life cycle and food- 
chain role of the krill (/3, 14). 

There remain open questions with impor- 
tant implications for climate prediction, 
For example, the precise circumstances under 
which PV staircases form remains elusive. Quan 
titative predictions of devastating storms, of 
thermohaline shutdown, and of dislocations in 
ecosystems and in Earth’s heat balance also 
require a more detailed understanding of jes, 
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DEVELOPMENTAL BIOLOGY 


The Mother of All Stem Cells? 


Allan C. Spradiing and Yixian Zheng 


he stem cells that sustain metazoan tis- 
T= face a difficult challenge. Each 

time a stem cell divides—it ean divide 
indefinitely—it risks damage from errors in 
the duplication and segregation of genetic and 
cellular material that could stunt its vitality or 
propel it toward a cancerous state. Normally, 
each division must be asymmetric to ensure 
thatonly one daughter cell differentiates, while 
the other becomes a stem cell, thus renewing 
the stem cell population, Yet stem cells safely 
grow and divide many more times than other 
cell types, including their own daughters. On 
page 518 of this issue, Yamashita er af. (/) 
‘examine the role of one of the most fundamen- 
tal cellular components in supporting stem 
cell function—the centrosome. Centrosomes 
onzanize the microtubule-rich mitotic spindle 
that directs how chromosomes and other mate- 
rials are distributed between daughter cells at 
cell division (mitosis), The authors show that 
male germline stem cells in the fruit fly 
Drosophila melanogaster differentially posi- 
tion their mother and daughter centrosomes 
during mitosis. As part of this strategy, which 
ensures asymmetric division, the stem cell 
permanently retains the mother centrosome 
‘across many cell divisions, raising the possibil- 
ity that differential centrosomal inheritance is 
essential to stem cell biology, 

Unlike other known animal cell onganelles, 
the two centrosomes inherited by daughter 
cells at division are not identical, All normal 
cells initially have one centrosome, compris- 
ing a mother and daughter centriole as well 
as pericentriolar material. The mother cen- 
triole contains structures and proteins that 
are absent from the daughter centriole, and it 
nucleates more microtubules than the daugh- 
ter. During each cell division eyele, the centro- 
some replicates. The mother centrosome 
retains the original mother centriole. In con= 
trast, the daughter centrosome undergoes mat- 
uration during mitosis and during the G, 
phase of the next cell division cycle, convert= 
ing its inherited daughter centriole into a new 
mother centriole (2), Whether this intrinsic 
asymmetry facilitates asymmetric stem cell 
division has remained a mystery. 


The authors are in the Department af Embryology and 
Howard Hughes Medical Institute, Carnegie Institution, 
3520 San Martin Orie, Baltimore, MO 21218, USA. 
E-mail: spradlingg@ diem eds 
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‘Yamashita eral, ook advantage of centro- 
somal asymmetry o follow the fates of mother 
and daughter centrosomes during germline 
stem cell division in the testis of Drosophila. 
These germline stem cells, which give rise to 
sperm, have already divided 12 oF more times 
‘when they become established in their nicl 
adjacent to stromal cells known as the hub (see 
the figure). Germline stem cells complete as 
many as 30 additional cell cycles over the life 
fthe animal, cach time sustaining themselves 
‘while producing one non-stem cell daughter, 
the gonialblast. Each gonialblast divides just 
six times before differentiating 
The authors genetically engineered flies 
to produce a centrosomal protein, known as 
PACT, tagged with green fluorescent protein 
By inducing the expression ofthis fluorescent 
protein at different times, they could selec- 
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Partitioning of centrosomes during division of 
Drosophila germline stem cells may help keep 
‘one daughter as a stem cell and move the other 
toward differentiation. 


the hub, mechanism that facilitates the proper 
spevification of their daughters (3), Because 
‘one centrosome retains its hub prosimity while 
the other moves to the opposite side of the cell, 
assembly ofa mitotic spindle isalways perpen- 
diculartothe hub, Asa result after cell division, 
one of the daughter cells remains associated 
with the hub and receives signals from the hut 
to remain a stem cell. Meanwhile, the hub- 
distal daughter cell moves away from the niche 
and initiates gonialblast differentiation, Yama- 
shita etal. show that the hub-proximal mother 
centrosome is associated with robust micto- 
tubules during interphase (the nondividing 
stage) and that some of these microtubules 
extend to the adherens junctions that connect 
the stem cell to hub cells. These microtubules 
‘may firmly tether the mother centrosome to the 
hub, ensuring the proper orientation of stem 


ae Cy 


‘adherens jnction 


= Mother centrosome 


Cal diaion 


Daughter centrosome 


onalblast 


Centrosome inheritance and daughter cell fate. During the division of a germline stem cell in the 
Drosophila tests, the mother centrosome remains adjacent to the hub. The greater microtubule nucleating 
‘capacity of the mother centrosome probably stabilizes its association with the adherens junction, facilitating 


stem cel function, 


tively label either mother or daughter centro- 
somes. Mother centrosomes were almost 
always located near the hub. which ensured 
that afier mitosis they would be inherited by 
the daughter that remains in the niche and 
remains a stem cell, Daughter centrosomes, 
on the other hand, always migrated to the 
‘opposite end of the stem cell and were inher- 
ited by the daughter cell destined to become a 
gonialblast. Thus, germline stem cells retain 
their mother centrosome from the time they 
first enter their niche. 

‘What advantage might such a strategy con- 
fer on the stem cell? The most likely answer is 
tw help control the orientation of cell divisions. 
Germline stem cells in the Drosophila testis 
position their mitotic spindles at right angles to 


cell division as well as the stem c 
inheritance of the mother centrosom 

Studies of other asymmetrically dividing 
cells suggest possible additional roles for pro- 
grammed centrosome inheritance in stem 
cells. Aside from their participation in spindle 
assembly, centrosomes associate with mem- 
‘brane-bound onganelles such as the Golgi and 
recycling endosomes. Centrosomes also regu 
late cytokinesis by delivering membrane 
asymmetrically to the cleavage furrow (4. 5). 
Thus, differential centrosome inheritance 
might contribute to stem cell maintenance and 
daughter cell programming by partitioning 
membrane-bound organelles and signal- 
ing molecules asymmetrically between the 
germline stem cell and gonialblast, Indeed, 
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asymmetric segregation of cell fate determi- 
nants through recycling endosomes has been 
implicated in specifying cell fate in the devel- 
oping Drosophila nervous system (5). The 
mother centrosome mi 
body that nucleates a primary cilium, at least 
in mammalian stem cells (6). Primary cilia 
an serve as signaling organelles (7) and 
might provide a means for stem cells to com- 
municate with their niche and to receive a 
maintenance signal. 

Could retention of the mother centrosome 
contribute to stem cell longevity as well as to 
developmental programming? The most rele- 
‘vant information comes from studies of asym- 
‘metric cell division in the budding yeast 
Saccharomywes cerevisiae. Mother cells have a 
lower replicative potential than buds they pro 
duce, and selectively retain damaged mole 
cles (8, 9). Interestingly, the fungal counter- 


part of the mother centrosome, the mother 
spindle pole body. is selectively inherited by 
the bud (10). By inheriting mother centro- 
somes, stem cells may likewise use the robust 
microtubule array to repel molecules that pro- 
mote replicative senescence. However, in 
‘yeast, other types of damage, such as chromo- 
‘some breaks that cause loss of heterozygosity, 
accumulate preferentially in the bud (//), so 
the importance of maternal centrosome inher- 
itance in promoting longevity remains unclear. 
Is differential centrosome inheritance the 
long-sought secret of stem cell, function? It 
should now be possible to determine whether 
‘maternal centrosomes are retained by several 
other well-characterized Drosophila stem cells. 
In male germline stem cells, such behavior 
seems likely to contribute to the stable asym- 
‘metric programming of stem cell and dauighte 
And itis satisfying to contemplate the possibil- 


ity that this strategy might also promote stem 


cells’ remarkable stability and longev 
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CHEMISTRY 


Single-Molecule Catalysis 


Jan Smith 
0 some, the word catalysis conjures 
up images of large industrial 
processes, For example, the Haber 


process, discovered about 100 years azo, 
makes use of supported iron catalysts to 
speed up the conversion of nitrogen and 
hydrogen to ammonia at moderate tempera 
tures. Worldwide this process is responsible 
forthe annual manufacture of more than 100 
million metric tons of ammonia (J), In con- 
trast, the paper by Vohringer-Martinez et al 
‘on page 497 of this issue (2) addresses a fun- 
damental question: Can single molecules 
serve as catalysts? That is, can individual 
molecules accelerate chemical reaction: 

This question is best answered by experi- 
ments in the gas phase, where the overall 
reaction comprises a series of element 
reactions, each involving a small number of 
molecules. One well-known example is 
the catalytic destruction of ozone in the upper 
atmosphere by species such as halogen atoms, 
nitric oxide, and hydroxy! radicals (3). These 
species (X) participate in chain reactions 
(X+0, XO +0, and XO+O-X=0,), 
whose net effect isto speed up the conversion 
‘of “odd oxygen” (Oatomsand O, molecules) 
to dicxygen O,, thereby lowering the amount 
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‘of ozone present in the stratosphere. 

This destruction of ozone can be thought 
of as an example of homogencous catalysis 
(the catalyst isin the same phase as the reac- 
familiar in reactions in solution. By 
Martinez et al. provide 
aan example of gas-phase catalysis more akin 
to heterogeneous catalysis. They report that 
the reaction between hydroxyl radicals and 


Catalysis by single water 
molecules. Energy pro- 
file for (A) reactions be- 
tween hydroxyl radicals 
and “bare” acetaldehyde 
molecules (the “higher 
road” traced in blue) and 
(B) reactions between 
hydroxyl radicals and 
acetaldehyde molecules 
that are associated with 
single molecules of water 
(the “lower road” traced 
in green). The horizontal 
lines show maxima and 
minima along the reac- 
tion path of minimum 
‘energy, with energy dif- 


Energy 


A single water molecule can act as a catalyst in a 
‘gas-phase reaction by forming a complex with a 
reactant that reacts faster than the “bare” reactant. 


acetaldehyde, OH + CH,CHO > H,0 + 
CH,O, is accelerated by the participation of 
single molecules of water, They angue con- 
Vineingly that this is because hydrogen- 
bonded complexes of CH,CHO and HO 
form and that these complexes react faster 
\ith OH radicals than do individual mole- 
cules of CH,CHO. The binding to water is 
thus analogous to binding to a surface in 


147 


ferences given ink} mol, 
The arrows are used to 


> 
Reaction coordinate 


indicate that on pathway B all the reactive flux that reaches the minimum associated with the prereaction 


‘complex passes through the inner transition state and becomes products, whereas on pathway Asome of this = 


flux is reflected atthe inner transition state, reducing the reaction rate. The cartoons show the structures at 
the maxima and minima, in most cases of hydrogen-bonded complexes. More details are given in (2) 
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couls catalysis. Their experiments 
make use of gas mixtures cooled to several 
different temperatures, as low as 58 K. by 
expansion through a convergent-divengent 
“Laval” nozzle (4), Information about the rate 
of reaction is then obtained by @ standard 
method: OH radicals are generated by pulsed 
laser photolysis of hydrogen peroxide, and 
the rate of their reactive loss is measured with 
the use of a second laser that induces the OH. 
radicals to fluoresce. The decrease in the flu- 
‘orescence signal as the time delay between 
the two laser pulses is increased provi 
information about the reaction rate, Adding 
\water to the expanded gas inereases the rate 
of loss of OH, especially at the lowest emper- 
atures of the experiments. 

The interpretation of the experiments 
that the reaction between OH radicals and 
hydrogen-bonded complexes of acetaldehyde 
with water is faster than that between OH radi- 
cals and “bare” acetaldehyde molecules—is 
supported by first-principles quantum chemi- 
cal calculations. Even for reactions with 
uncomplexed CH,CHO, there is no energy 
barrier on the pathway from reactants to prod 
ucts; that is, there is ne configuration that the 
reaction must pass through that has a higher 
‘energy than that ofthe initially separated reac- 
tants. But there is a “submerged barrier” or 
“eel.” As foran increasing number of fast ele- 
mentary reactions, the ideas of transition state 
theory must be applied rather subtly (5). There 
are, in effect, two transition states: an “outer™ 


‘one that leads intoa shallow well on the energy 
pathway (corresponding to a prereaction com 
plex), followed by an “inner” transition state 
with an energy lower than that of the separated. 
reactants but higher than that of the well (see 


the true “bottlencek” to reaction because the 
internal quantum states at this configuration are 
more widely spaced than those for the outer tran- 
or, equivalently, it represents a free 
jum along the reaction pathway 

uantum chemical calculations shovw that 
10 forms a complex with CH,CHO bonded, 
by 17.6k! moF" through two hydrogen bonds. 
Interaction of this complex with an OH radical 
forms a further hydrogen bond. so that the 
‘enengy of this tertiary prereaction complex is, 
44.6 KJ mot"! below filly separated CH,CHO, 
+H,0 + OH and 27 kJ mol" lower than the 
‘eneruy of CH,CHO---H,0= OH. The preteac- 
tion complex can then convert to products. 
21,0 +CH,O. through an almost energetically 
‘equivalent transition tate (see the figure). 

The combined experimental and theoreti- 
cal arguments about the relative reactivity of 
CH,CHO and CH,CHO---H,O toward OH 
radicals are convincing. However, its not yet 
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possible to put a figure on the extent of the 
acceleration of the reaction caused by the sin- 
gle water molecule acting as a catalyst. To 
‘convert the measured phenomenological rate 
constants for reaction into rate constants for 
reaction of OH with CH,CHO---H,O, one 
needs to know the concentration of the com 
plexes present in the experiments. Two diffi- 
culties arise. First, itis not easy to measure 
these concentrations, for example by infrared 
spectroscopy, in the environment of the jet. 
Second, it is not easy to estimate the concen- 
trations, especially asthese may depend on the 
kinetics of the CH,CHO ~ H,0 association, 
not just the thermodynamics of this process. 
interesting as these results are, an impor- 
tant question is whether they have any rele- 
vance to atmospheric chemistry. Aldehydes 
arise in the troposphere during the atmospheric 
‘oxidation of hydrocarbons; ethane oxidizes to 
acetaklehyde, The lifetimes of both ethane and 
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acetaldehyde (6), determined by their reaction 
with OH radicals, are short, so atmospheric 
acetaldehyde is found chiefly at low altitudes 
where the average temperature is around 288 
K_ Evenat 100% relative humidity, the equil 
rium fraction of acetaldehyde complexed with 
\ater is likely to be very small, and therefore 
the acceleration of the OH + CH,CHO reac- 
tion will probably be minimal, 
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GEOPHYSICS 


Mediating Plate Convergence 


Herb Dragert 


‘Movement of Earth’s tectonic plates generates low-frequency seismic events. These events are not 
background noise, but represent slower and deeper earthquakes. 


ith improvements in the technol- 
ogy and density of networks used 
to monitor seismicity and crustal 


deformation, Earth scientists are discovering 
a rich spectrum of rupture phenomena deep 
within subduction zones. These zones are 
where Earth’s crustal plates collide, resulting 
in one plate moving underneath the other and 
‘eventually re-entering the upper mantle. 

A recently discovered phenomenon called 
“episodic tremor and slip” (ETS) involves 
small crustal motions over periods of days to 
weeks, The direction of motion is in the same 
sense as plate convergence and often these 
motions propagate along the coastal margin. 
Theslip episodes repeat at interva 
to years, accompanied by di 
tremors whose records look more like back- 
‘ground noise than earthquakes. Although the 
processes involved are not fully understood, 
researchers have identified this plate-bound- 
ary behavior along the Cascadia Subduction 
Zone in the Pacific Northwest (1) and the 
Nankai Subduction Zone off the eastem coast 


‘The author is atthe Geological Survey of Canada, Pacific 
Geoscience Centre, Sidney, British Columbia VEL 482, 
Canada. Email: bdragen@rrcan geo 


of southwest Japan (2), On page 503 of this 
issue (3), Ito et al, show that ETS is also 
marked by the occurrence of very-low- 
frequency (VLF) earthquakes. This adds yet 
‘another piece to the puzzle of contemporary 
deeper plate dynamics. 

As seen in the great Sumatra-Andaman 
carthquake of 2004 (4), the most awesome tee- 
tonic characteristic of the world’s subduction 
zones isthe repeated occurrence of great thrust 
carthquakes. Although the average recurrence 
intervals for these devastating temblors are 
directly related to plate convergence rates, the 
nature ofthe stress buildup that culminates in 
these large fault ruptures is not well known, 
Scientists agree that itis the inexorable aseis- 
mic plate motions (i. motions without earth- 
quakes) at depth that inerease stress on the 
overlying locked portion of the fault that will 
ultimately be relieved by a great earthquake. 
Until recently, it was assumed that this deep 
aseismic slip or ductile shearing between 
plates occurred at a uniform speed. The ob- 
servation of small (<5 mm) systematic sur- 
face displacements at continuous Global Pos- 
itioning System (GPS) stations over a period 
of several weeks led to the discovery of a 
“silent slip event” on the Cascadia Subduction 
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Zone (5). This study established that 
distinct episodes of aseismic slip of 
a few centimeters can occur on the 
deeper plate interface immediately 
downdip from a completely locked 
plate boundary, unrelated to any focal 
earthquake activity. 

‘A reexamination of all available 
regional continuous GPS data over 
the past decade showed that such slip 
events have occurred repeatedly along 
the northern Caseadia margin and 
with surprising regularity (6). Al- 
though these slip events can be 
modeled by simple dislocations in an 
elastic medium, the physical processes 
involved in this dynamic behavior 
on the deeper plate interface are not 
‘well understood. 

Another key insight into realtime 
dynamics of convergent plate bournd- 
aries was established by the discovery 
ofa “nonvolcanie deep tremor” along 


‘govern 


jence and Disaster Pre- 
) high-sensitivity seis- 
‘mograph network (Hi-net) enabled 
the identification of small-amp 
seismic tremors that lasted from a few 
‘minutes to a few days, with predominant fre- 
quencies ranging from 1 to 10 Hz and source 
yz about 30 km. From the lo 
and mobility of the tremoractiv- 
ity, it was surmised that the generation of 
tremors may be related to the movement of 
fluids originating from the dehydration 
‘of metabasalts in the subducting oceanic crust, 
or trigaered by the addition of ids to aeriti- 
cally stressed medium, or perhaps triggered by 
nearby earthquake activity, It was not until the 
study of Cascadia tremors (/) that the intinat 
relationship between tremors and episod 
plate slip was established. These tremors were 
found to be identical to those observed in 
Japan, and they occurred predominantly at 
times of episodes of slip. 

In subsequent examination of tilt changes 
reconded by Hi-net accelerometers it was dis- 
covered that the previously identified tremor 
episodes in southwestern Japan were indeed 
accompanied by crustal displacements attrib- 
tutable to deep plate slip (2). Ahough no clear 
‘mechanisms for tremor generation were estab 
lished, the similarity of the ETS phenomena 
occurring in both the Nankai and Cascadia 
regions points to an ongoing plate dynami 
process common to young subduction zones. 

The findings of Ito e7 al. reveal that VLF 
earthquakes may be another key aspect of 
episodic plate slip at depth, at least for south- 


> wicoad gereating deep om tequncy Wem 
Path of VF eantquake 
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‘Weak faults, slow stip, and low-frequency earthquakes. 
‘The way stress i released at convergent plate boundaries is 


ied by the distribution of fluids oF high pore pressures, 


‘and by the mean size of stronger, lluid-poor asperiies. The 
shallow portion ofthe subducting plate intertace is fuid-poor 
and has large, strong asperities that rupture in great earth- 
‘quakes. The deeper plate interface, hot and fluid-rich, allows 
‘continuous aseismic plate motion. The transition zone between 
these two regions marks a heterogeneous, time-dependent 
mixture of fluid-rich material and small-scale brittle asperties 
that gives rise to episodes of ETS and VLF earthquakes. 
Adapted trom ito et a. (3)) 


‘westem Japan so far. The authors characterize 
these VLF earthquakes by a distinct lack of 
high-frequency components (2 to 8 Hz) rela- 
tive to similar-magnitude ordinary earth 
«quakes, and by signals that are predominantly 
body waves. Because the seismicity due to 
VLF earthquakes accompanies and migrates 
the deep low-frequency tremors and slip 
‘and because the spectral content for 
‘events suggests a rupture duration on the 
order of 10 s, the authors propose a “contin- 
uum” model of slip processes in the transition 
‘one of the plate imerface (see the figure). 

In this model, the transition zone consists 
primarily of weakly coupled fault areas that 
are subject to episodic aseismic slip that 
occurs over days to weeks during one epi- 
sode. However, there are numerous small, 
slightly stronger patches that rupture in VLF 
events in response to increased shear stress 
caused by slow slip in the surrounding mate- 
nial. The limited size of these patches, along 
with the presence of high pore-fluid pressure, 
characterize the VLF earthquake and its 
rupture duration. Tremors are attributed to 
“microcracking” within the transition zone 
‘over source sizes and rupture times much 
smaller than those for VLF earthquakes. 

This model is aesthetically pleasing in its 
simplicity: The nature of the slip and the stress 
release is ultimately dependent on the distribu- 


wit 


tion of fluids and their pore pressures. The 
regions of the subduction zone where great 
thrust (ie., megathrust) earthquakes occur are 
characterized by a paucity of fluids and or low 
pore-fluid pressures, resulting in very large, 
brittle asperities that rupture in great earth- 
‘quakes every hundred years or so. The deeper 
regions of the convergent plate interfi 
where high temperatures (>550°C) and abun- 
dant free fluids render materials plastic, 
characterized by continuous aseismic plate 
‘motions. The transition region between these 
two is characterized by spatial and temporal 
asperites in fluid content and pore-fluid pres- 
sures, leading to the phenomena of episodic 
slow slip events accompanied by VLF earth- 
quakes and deep tremors. 

Can the extensive depth distribution of 
tremors observed in Cascadia (8) be ace 
commodated within this framework? What 
determines the recurrence intervals for slow 
slip events, and how are they dependent 
on plate convergence rates, plate age, and 
external stress triggers? Basically. What are 
the necessary and sufficient conditions for 
episodic tremor, slow slip, and these deep 
VLF earthquakes? Perhaps the most impor- 
tant question concerns the relationship of 
these phenomena to present-day regional 
seismicity. It is clear that episodes of deep 
slip will modulate the rate of stress accumu 
lation on the locked portion of the plate 
interface, thereby modulating the cumula- 
tive probability (and conceivably acting as a 
trigger) for great subduction thrust earth- 
quakes (9). But what about earthquakes 
occurring within the subducting slab and 
the overlying crust? Does the stress release 
from these more subtle and benign plate- 
slip phenomena influence the location 
and timing of regional seismicity? Under- 
standing these relationships could provide 
solid underpinnings for earthquake fore- 
casting in subduction zones 
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ASSOCIATION AFFAIRS 


Baltimore: Time for Scientists 
to Take Role in Public Life 


Ifthe Nobel Prize is supposed to be the crown 


achi ‘of asciemific care 


forgot to tell David Baltimore. After sharing the 
1975 Prize in Medicine for the discovery of 
reverse transcriptase at age 37, Baltimore has 
published more than 600 papers. including 
seminal research on the geneties of cancer, the 
workings of the HIV 
Virus and AIDS vaccine 
candidates, and fund: 
mental observations in 
molecular immu 
He was a founder of the 
Whitehead Institute for 
Biomedical Research, 
president of Rockefeller 
University and the C 
ifornia Institute of 
Technology, and a lea 
ing Figure in national 
missions on 

DNA and AIDS research. 
“Much of my life since the Prize has been 
taken up with doing science.” Baltimore said. As 
he assumes the presidency of AAAS in February 
Fhe wants to remind the public that “science is the 
diving force” of all modern life, not just his wn. 
W'san idea Baltimore thinks has been lost in 
the classroom and Congress in recent years, 
“With science fecling itself under attack from 
various sides, it's never been a more important 
time for scientists to take a role in public 


David Baltimore 


life.,.and there is hardly any other organization 
that can speak as broadly for science as AAAS? 
he noted in a recent interview 


Schools are one place where 
skepticism about rational thinking” has placed 
science under siege, according to Baltimore. In 
his candidacy statement, he said, “Raising chit- 
dren who do not know that life and our planet 
evolved over 4.5 billion years of change and 
development hamstrings them from participat- 
ing in modern life.” 

Baltimore wants AAAS to c: 


nereasing 


ntinue its 


strong support of sci 
kindergarten to © 
already had much success with curriculum and 
science literacy programs such as Project 2061 
and outreach at the AAAS Annual Meeting. 
AAAS should remind its members that 
“there is an opportunity for every scientist to be 


involved with a local school board” providing 
curriculum advice and helping teachers 
the expert nature of 
20." Baltimore said 
Throughout his career, B 
played a key role in ereating n; 
policy, as an or 


Itimore has 
nal science 


anizer of the 1975 Asilomar 
Conference that set 
standards for recombi 
nant DNA technology, 
as cochair of the 1986 


a National Strategy for 
AIDS. and head of the 
National Institutes of 
Health AIDS Vaccine 
Rescareh Committee in 
1996, Ile received the 
1999 National Medal of 
Science in pi 
work on AIDS research policy. 
Baltimore has been outspoker 
heseesas govemment eflortsto distort and sup- 
press scientific research, and he thinks th 
AAAS hasa role to} fighting this trend: 


In particular, the controversy over federal 
funding for embryonic stem cell research has 
cast a shadow over America’s labs, Baltimore 
said, noting that his own graduate students have 
been wary about funding woes in their future. 

‘Its unique in my experience in science that 
the government has put shackles on a certain 
kind of rescarch, We've never hada richer set of 
‘opportunities put in front of any scientists than 
the opportun in front of biologists 
today, yet there is a pervasive sense of being 
abandoned by the National Institutes of 
Health,” he said. 

Baltimore stepped down as Caltech pres 
ident last September, but continues as 
Robert Andrews Millikan Professor of Biol- 
‘ogy and head of the Baltimore Lab at the uni- 
versity. His current research, supported by a 
$13.9-million grant from the Gates Founda- 
tion, is looking for ways to genetically boost 
the immune system against 
pathogens, 

Bakimore li kod if he had ever 
‘envisioned himself as an international advocate 
«and spokesperson for science inthe early days of 
hiseareer. "No, | was just ab rat and loving it 
ve sort of grown into this as a consequence of 
my interest in institutions.” 

Baltimore will suceced the current presi 


dent, John P. Holdren, at the close of the 2007 
Annual Meeting on 19 February. Holdren will 
become chair of the AAAS b Gilbert 
S. Omenn steps down as chair. James J 


elected to succeed Balti- 
¢ as president-elect, MeCarthy is the 
Alexander Agassiz Professor of Biological 
Oceanography at Harvard University 

Becky Ham 


hy has b 


AAAS 
Call for Nomination of AAAS Fellows 


‘AAAS Fellows who are current members ofthe Association ae invited to nominate members for ele 
tiom 3s Fellows. A Fellow is defined as “a Member whose efforts on behalf ofthe advancement of ci 
ence or its applications are scientifically or socially distinguished.” A nomination must be sponsored 
by three AAAS Fellows, two of whom must have no affiaton withthe nominee's institution. 

‘Nominations undergo review by the Steering Groups ofthe Association's sections (the Chait, 
Chair Elect, Retiring Chair, Secretary, and four Members-at-Large of each section). Each Steering 
Group reviews only those nominations designated for its section, Namies of Fellow nominees who are 
approved bythe Steering Groups are presented tothe AAAS Council for election. 

‘Nominations with complete documentation must be received by 11 May 2007. Nominations 
‘received after that date wil be held forthe following year. The nomination form and a lit of current 
‘AAAS Fellows can be found on the AAAS Web site at wwn.aaas.org/aboutaaas/fellows. To request a 
hhard copy of the nomination form, please contac Ellen Carpenter atthe AAAS Executive Office, 
1200 New York Ave., NW., Washington, DC, 20005, at 202-326-6635, or at ecarpent@aaas.ora. 
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HUMAN RIGHTS 


AAAS Expands Human 
ights “Eye in the Sky” 


Afier a successful yearlong pilot progran 
AAAS will de 
powerful satellite imagery and related t 
nologies to help investigate internation: 
reports of human rights violations with anew 
3-year, $760,000 grant from the John D.and 
Catherine T. MacArthur Foundation, 

D ¢ pilot project, AAAS, in 
partnership with other organizations, used 


geospatial technologies to document 
human rights violations around the world, 
including in the Darfur region of Suda 
Burma, and Zimbabwe 

With the new grant, the Science and Human 
Rights program will expand upon its 2008-2006 
pilot project with a new emphasis on tailors 
activities to the priorities of intergovernmental 
nizations and courts like the International 


‘Criminal Court and the A fiiean Court on Human 
and Peoples’ Rights, 
“This grant is extremely exciting because it 


will allow us to develop the first steps of a 


worldwide information system using 
technologies that should help prevet 
rights violations before they accelerate 
Lars Bromiley, pro 
AAAS Office of International Initiatives. 

In late May 2006, AAAS released its First 
rights report, in partnership with Amnesty 
and the Zimbabwe Lawyers for 


hun 
Inter 


iat the pov= 
d destroyed entire 
ig the town of Porta Farm, 
forcing thousands of residents to flee their 
homes, Reports on the Zimbabwean satellite 
imagery were published in several outlets, 
ineluding the Hashington Times, National 
Public Radio, the Guardian, and Reuters, 
“With global reach and reputation for inde 
pendence, human rights onganizations are able 
to sound the alarm and mobilize millions 
‘quickly, offen before governments or the inter- 
national community have even admitted there is 
a problem,” said Aricla Blitter, director of the 
Crisis Prevention & Response Center at 
Amnesty International USA, a partner of 
AAAS's Seience and Human Rights program, 
Since 1978, the MacArthur Foundation has 
provided support to advance human rights 
around the world, witha spec 
vative uses of technology that advance 
making goals, The foundation's November 2005 
pilot grant of $110,000 to AAAS was used to 
help international organizatio 


interestin inno 


grant- 


agencies, and nongovernmental or 
(NGOs) rapidly collect, evaluate, and distribute 
information about human rights violations 
using geospatial technologies. 


26 JANU, 


Before and alter satellite images of Bir Kedouas, Chad, burned during an attack in December 2005 by Janjaweed 


militants in the Darfur conflict 


Within the past year, NGOs suchas Amnesty 
the US. Committee for Hun 


hi ution satellite imagery w 
graphic informa ns and human 
gence to niise public awareness and alert gov- 
bout 


ernments, media outlets, and others 


While the overall price of new satellite 
sry and powerful computers to analyze the 
thas recently fallen, AAAS has received 


ants from a variety of organizations 
ward of $50,000 from the Open 

y Institute for monitoring in the Kare 
je of Burma. A report on Burma will be 
released lnk will reports on Darfur 


and elsewhere 

In addition to gathering a 
images from companies like Di 
Gok ye, SHR plans to use the grant money to 


id analyzing the 


ANNUAL 


develop an oun ram through Web sites, 
workshops, me 


nizations that have expertise applicable to 


ings, and correspondence with 


human rights projects, 

AAAS has been a pioneer in bringing sei 
‘ence and technology to bear on international 
human rights issues with regular reports and 
workshops sponsored by its Science and 
Human Rights program, The program also 
supports scientists whose human rights are 


threatened, through the AAAS Human Rights 
Action Network 

{In January 2006, the network coordinated an 
appeal to the government of Guten to pro- 
tect Predy Peccerelli, executive director of 
Guatemalan Forensic Anthropology Founda. 
tion, who had received death threats against him 
J his family for his efforts to locate and 
cexhume mass graves from the country’s bloody 
civil war 

Benjamin Somers 


MEETING 


Sustainability from All Sides 


The AAAS Annual Meeting stands apart from other scientific gatherings in its emphasis on the 
‘connection between science and society, a critical crossroads that is explored in depth with this 
year’s theme of “Science and Technology for Sustainable Well-Being.” 

AA the 173rd Annual Meeting in San Francisco next month, scientists, journalist, and the pub 
lic can explore the idea of sustainability across a wide number of disciplines, from climate-change 
scienceand the future ofthe oceans to the politics of energy reserves, endangered 


languages, and environmental justice. 


{In his invitation to the conference, AAAS President John 
Holdren said, “The character of the challenges to the human 
condition—energy, water, health, climate, security, 

development, and more” are best tackled by AAAS's 


interdisciptinary approach. 


For the first time this year, a AAAS Annual Meeting 
blog [http:/inews.aaas.ora } will provide extensive cover 
‘age from San Francisco, featuring reports and podcasts 
from the staff of Science and ScienceNOW, AAAS's award: 
winning Science Update radio program, and AAAS's writers, 
‘long with links to U.S. and international news coverage of 


the meeting. 
— Becky Ham 
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Results of the 2006 Election of AAAS Officers 
Following are the results of the 2006 election. Terms begin on 20 February 2007. 


General Offices 

President-Elect: James }. McCarthy 
Board of Directors: Cherry Murray, Linda PB. Katehi 
Commitee on Nominations: Rita R. Cobwel, Jane 
Lubchenco, Floyd E. Bloom, Mary L. Good 


Section on Agriculture, Food, 

and Renewable Resources 

Chair-Elect: Roger N. Beachy 

‘Member-at-Large: Charles) Amtzen 

Electorate Nominating Commitee: Sally A. Mackencie, 
Richard A. Dixon 


‘Section on Anthropology 

Chair Elect: Eugenie. Scott 

‘Member-at-Large: Lesie C. Aiello 

Electorate Nominating Committee: G. Phillip 
Rightmire, Payson Sheets 

Council Delegate: Michael A. tittle 


‘Section on Astronomy 

Chat-Elec: Comet Tater 

‘Member-at-Large: Carey Michael Lisse 

Electorate Nominating Committee: Alan Marsches, 
Heidi Newberg 

Counc Delegate: Heidi B. Hammel 


‘Section on Atmospheric and Hydrospheric 
Sciences 

Chair-Elect: Anne M, Thompson 
‘Member-at-Large: Peter H. Gleick 

Electorate Nominating Committee: Jenniter A. 
Frands, Patricia Quinn 


Section on Biological Sciences 
Choir-Elect: Mariana Wolter 

‘Member-at-Large: Yolanda P. Cruz 

Electorate Nominating Committee: Kate Barald, 
Joel Huberman 

Council Delegates: Brenda Bass, Nancy Beckage, 
Johanna Schmitt, Catherine Krull, Michael Cox, Rob 
‘Steele, Toby Kellogg, David Quelles, Diane Shakes 


Section on Chemistry 
(Chair-Elect: Wayne L. Gladfelter 
‘Member-at-Large: Dennis A. Dougherty 

Electorate Nominating Committe: Linda C. Hsieh- 
Wilson, Gregory. Fu 

Council Delegates: C, Bradley Moore, Jon Clardy, 
Nicholas Winograd 


Section on Dentistry and Oral Health 
Sciences 

(Chair-Elect: Mary MacDougall 

‘Member-at-Large: Paul H. Krebsbach 

Electorate Nominating Committee: Luisa Ann 
DiPietro, Ichiro Nishimura 
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Section on Education 

Chair-Elect: George D. Nelson 

‘Member-at-Large: Gerald Wheeler 

Electorate Nominating Committee: Cathryn 
‘A. Manduca, Carlo Parravano 


Section on Engineering 

CChair-Elec: Priscilla P. Nelson 

‘Member-at-Large: Debbie A. Niemeier 

Electorate Nominating Committee: Melba M. 
Crawtord, Rafael L Bras 


Section on General Interest in Science and 
Engineering 

Chair-Elect: Barbara Gastel 

‘Member-ot-Large: Lynne Timpani Friedmann, 
Electorate Nominating Committee: Don M. Jordan, 
Susan Pschorr 


Section on Geology and Geography 
Chair-lect: Victor R. Baker 

‘Member-ot-Large: Lonnie G. Thompson 

Electorate Nominating Committee: Neil D. Opdyke, 
Sherilyn C. Frit 

Council Delegate: Douglas J. Sherman 


Section on History and Philosophy of Science 
CChair-Etect: Thomas Nickles 

‘Member-at-Large: Karen A. Rader 

Electorate Nominating Committee: Kathryn M. 
Olesko, Richard M. Burian 


Section on industrial Science and Technology 
Choir-Elect: Stan Bull 

‘Member-ot-Large: Thom Mason 

Electorate Nominating Committee: Ana \velisse 
‘vies, Joyce A. Nettleton 


Section on information, Computing, and 
Communication 

Chair-Elect: Michael R. Nelson 

‘Memmber-at-Large: Christine . Borgman 

Electorate Nominating Committee: Deborah Estrin, 
Gladys. Cotter 


Section on Linguistics and Language Science 
CChair-lect: Frederick}. Newmeyer 
‘Member-ot-Lorge: Wendy K. Wilkins 

Electorate Nominating Committee: Sarah Grey 
Thomason, Barbara Lust 


Section on Mathematics 

Chair-Elect: Wiliam Jaco 

Mermber-ot-Large: Claudia Neuhauser 

Electorate Nominating Committee: Francs Sullivan, 
Juan Meza 

Council Delegate: Joel L. Lebowite 
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Section on Medical Sciences 

Chair-Elect: Gail. Cassell 

‘Member-at-Large: R. Alan B. Ezekowitz 

Electorate Nominating Committee: Peter F. Weller, 
Michael Lederman 


Section on Neuroscience 
Chair-lec: ohn H, Bye 

‘Member-a-Large: Chaves . Gilbert 

Electorate Nominating Committe: Alison Goate, 
Theodore W. Berger 

‘Council Delegate: Pavici K. Kuhl 


Section on Pharmaceutical Sciences 
Chair-Elect: Danny 0. Shen 

‘Member-at-Large: an A. Bait 

Electorate Nominating Committee: John D. 
Schuetz, Kenneth W, Miller 


Section on Physics 
CChairElect:Chesty Murray 

‘Member-at-Large: Sally Dawson 

Electorate Nominating Committee: Barbara Goss 
Levi Elizabeth Beises 

Council Delegates: Miriam P. Sarachik, W. Cart 
Lineberger 


Section on Psychology 

ChairElet Lila Gletman 

‘Member-at-Large: Morton Ann Gemsbacher 
Electorate Nominating Committee: John F. 
Xihlstrom, Richard L. Doty 


Section on Social, Economic, and Political 
Sciences 

Chair-Elect: Russell Hardin 
‘Member-at-Large: Arnold Zeliner 

Electorate Nominating Committee: Gary L. 
Albrecht, Gary King 


Section on Societal Impacts of Science and 
Engineering 

Chair-Elect Lewis M. Branscomb 
‘Member-at-Lorge: Ruth L. Fischbach 

Electorate Nominating Committee: Ann Bostrom, 
Robert Cook-Deegan 


Section on Statistics 

Chair-Elect: Wiliam F. Eddy 

‘Member-at-Large: Francoise Seillier-Moiseiitsch 
Electorate Nominating Committee: Judith M. Tanur, 
‘Norman Breslow 
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Recombination and the Nature 
of Bacterial Speciation 


Christophe Fraser," 


Genetic surveys reveal the diversity of bacteria and lead to the questior 


lliam P, Hanage, Brian G. Spratt 


of species concepts 


uused to categorize bacteria. One difficulty in defining bacterial species arises from the high rates of 
recombination that results in the transfer of DNA between relatively distantly related bacteria. 
Barriers to this process, which could be used to define species naturally, are not apparent. Here, 
we review conceptual models of bacterial speciation and describe our computer simulations of 
speciation, Our findings suggest that the rate of recombination and is relation to genetic 
divergence have a strong influence on outcomes. We propose that a distinction be made 
between clonal divergence and sexual speciation. Hence, to make sense of bacterial diversity, 

‘we need data not only from genetic surveys but also from experimental determination of selection 
pressures and recombination rates and from theoretical models, 


cteria ate promiscuous. They often tive 
sity of donor DNA, and stuxlies of the 
enomes of members of the same, oF similar, 
species indicate the dynamic nature of gene 
acquisition, loss, and transfer (1), It is probably 
possible, through a series of intermediates and 
Yeetors, to transfer genes between any two bac~ 
teria, Besides the illegitimate recombinational 
process that leads to gene acquisition from dis- 
tantly related sources, there is convincing evi- 
dence that homologous recombination may 
frequently replace small regions of the genome 
‘ofa bacterium with those from other members of 
the same species or from closely related species 
(2). The rate of homologous recombination varies 
ureatly. In some species it appears to be rare and 
leas to the evolution of distinct clonal lineages, 
‘whereas in others these localized recombinational 
imports arise much more frequently than muta- 
tions (3), In recent years, extensive homologous 
recombination has been shown to be so wide- 
‘spread that it may be regarded as the nom rather 
than the exception 
Nonetheless, surveys of genetic diversity in 
the bncterial kingdom are revealing that, far from 
‘continuum mediated by promiscuous ene ex- 
change, bacteria seem to form clusters of genet- 
ically related strains (species), at least for those 
‘genera studied so far (4-6), There is thus uncer 
tainty regarding the nature of bacterial speciation 
and the influence that homologous recombina- 
tion exerts upon it (7), 

One proposition is that speciation (by which 
\we mean the generation of permanently distinc 
clusters of closely related bacteria) could arise, 
not because of fundamental ecological con- 
straints oF geographic separation but rather as a 


Department of Infectious Disease Epidemiology, Imperial 
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consequence of recombination failing more 
frequently between DNA sequences that are 
different than between those that are similar 
(8-10). In experimental studies of recombina- 
bacteria from widely differing genera, a 
consistent pattern of decline in the recombins- 
tion rate as a function of genetic distance has 
‘been observed (Fig, 1A) (12), This effect has 
been shown to be associated with the various 
mcchanisms that detect the sequence similarities 
between donor and recipient DNA. principally 
MutS-mediated mismatch repair and Ri 
mediated recombination (12-14), RecA is in- 
Volved. in initiating recombination between 
donor and recipient DNA and is thus essential 
for recombination, whereas MutS inhibits re- 
combination between mismatched sequences 
One mechanism that has recived panticular 
attention is the requirement of RecA for mini- 
mally efficient processing segments (MEPS), 
Which are short regions of sequence identity 
located at cither end of the donor DNA strand 
and hypothesized to be required for recombina- 
tion to occur (/5). This mechanism can generate 
the general relationship seen in Fig. 1A and pro 
Vides a corroborative estimate for the length of 
MEPS of between 20 and 30 base pairs (bp) (76), 
Whatever mechanism underlies the decline in 
recombination with increasing sequence div 
‘gence, this relationship results in constraints on 
recombination that operates atthe genomic 
cl, potentially allowing species distinctness 10 
‘emerge as a dynamic corollary to diversification 
and adaptation (8, 9). 

Although this picture of speciation driven 
bby recombinational (ie. sexual) incompatibility 
is appealing. especially for the parallels it of- 
fers with the biological species concept of Mayr 
(17. the elucidation of the quantitative detail of 
recombinational incompatibility is only one as- 
pect of the story (or stories) of bacterial spe- 
jation. What drives new strains 10 cross thes 
oft” genetic barriers and form new speci 


How distinct must clusters be for this soft barrier 
to be effective enough to maintain separation 
and forthe evolutionary fate of each cluster to be 
distinct? Is there a consistent mechanism of spe- 
on that applies to all bacteria, imespective of 
the rates and mechanisms of recombination, 
Which are known empirically to be extremely 
variable 


‘Modeling Bacterial Diversity 
Genetic surveys of bacterial populations usually 
provide a static picture of the pattems of geno- 
typic clustering; consequently, exploring the 
dynamics of populations requires. theoretical 
models studied using computer simulations and 
analytical approximations, Clustering in natural 
‘Populations can then be compared with those from 
simulated populations ifthe genotypes of strains 
are defined in the same way. Isolates within bac 
terial populations are commonly characteriza by 
theallelesat seven housekeeping li {mull 
sequence typing (MLST)}, where each allete 
corresponds toa different sequence (18). We have 
developed a model in which strains are defined in 
the same way and in which alleles change 
ed rates by mutation or recombination, We 
also showed that genetic diversity in. sev 
bacterial pathogens 
simple model of neutral drift (19). 

The use of neutral models of mul il 
sift isnot a denial of selection but a recognition 
that much observed popuilation genetic structure 
can be explained in simple terms. It makes 
sense, as a null model, 1o explore the dynamies 
of neutral diversification and the conditions 
lunder which populations do, oF de not, separate 
into distinct genotypic chisters that mimic the 
emergence of species. Estimates for the rates of 
‘mutation and recombination are availabe fiom 
empirical studies of a variety of bacteria fe... 
2, 20)]. as isthe relationship between sequence 
se and recombination rate shown in 


tation and recombination rates (denoted m and r, 
respectively) by a constant known as the ef 
tion size N, such that O = 2mLNe 
2rN_ Our estimates of @ are based on 
‘genes approximately £ = $00 bp long, and if we 


take a plausible estimate of the DNA. mutation 
rate (n) at $ 


10" perbase 
a ballpark est 
population size N, of 107 

‘The effective population size is not directly 
related to the census population size but i rather 
a measure of how much neutral diversity the 
environment can carry. It may he considerably 
smaller than the census population size as a 
result of factors such as regular bottlenecks, 


per replication 
le for the effective 
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genome-wide selective sweeps, or hicrarchical 
‘structure (22). Consider, for example, an infec 
tious agent such as Streptococcus pneumoniae. 
At least three factors result in an effective pop- 
ulation size many orders of magnitude smaller 
than the actual number of bacteria. Fist, the 
‘bacterial population is divided into distinct pop- 
ulations within individual humans and is trans 
mitted by small inocula, so that the number of 
infected people may be a better measure of pop- 
ulation size than the number of bacteria. Second, 
transmission is seasonal, with peaks occurring 
during the winter months, creating bottlenecks 
during the low season, so that the eflective pop- 
ulation size may reflect the number of people 
infected during these bottlenecks, Third, the hu- 
man contact network is hierarchically structured 
into communities, communities of communities, 
_and so on, so that the effective number of people 
infected is lower than the actual number of people 
infected (23). Thus, a population of willions of 
bacteria can have a low effective population 
size. Similar considerations may influence ef: 
fective population sizes in many environments, 
such as the partitioning of marine bacteria 
around nutrient-rich coastal regions, seasonal 
regulation caused by the “bloom-bast” eyeke of 
algal nutrient availability, and local clustering of 
populations around small particles of nutrients 
(24), In general, most natural populations of 
bacteria live in structured environments with, 
well-defined patches of growth, where serious 
fimits exist on the dispersion of novel types 
between patches. Establishing plausible esti- 
mates for, fora diverse range of bacteria, 3s 
well as identifying the factors that affeet it, 
should be a research priority. 

‘To explore speciation, we extended our pre= 
vious model (9) to simulate simplified ge- 
homes (Fig, 1C), with an efivetive population 
size Ne™ 10° and a population mutation rate 8 
2, and defined each strain by the alleles at a 
larger number of loci (70) to counter the effect 
that occasional recombination at a singh: locus 
has in listoting relationships between otherwise 
divergent or similar stains (25). This model 
ignores several heterogeneities that may arse in 
populations (c.g. fitness, ecology, and recombi- 
nation rate) but may nonetheless provide a 
preliminary description of the generation of di- 
versity by drifl. Our choice of parameters and 
model structure is an inevitable compromise be- 
tween plausibility and computational limita- 
tions, achieved principally by reducing the 
effective population size and by using an ap- 
proximation algorithm for modeling mutation of 
DNA sequences (25) 


The Clonal-Sexual Threshold 
‘The most salient feature of this simple model is 
4 sharp transition in population structure with 
inereasing rates of homologous recombination. 
When recombination rates are low, the pop 
lation is effectively clonal in structure. In some 
sense, each clone has a separate evolutionary 
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fate, because novel alleles that arise are un- 
likely to spread horizontally through the popu- 
lation. A feature of neutral population structure 
in the clonal region is strong genotypic clus- 
tering (Fig. 2. A and B). These clusters are 
unstable, and the long-term dynamics are char- 
acterized by a constant process in which ma- 
jor clusters regularly emenge by chance, split, 
drift apart, and eventually become extinct 
(Fig. 20), 

‘When recombination rites are increased 10 
Values between one-fourth and twice the muta- 
tion rate (per locus), a threshold is passed where 
clusters no longer diverge but are constantly 
reabsorbed into the parent population by the 
cohesive force of recombination. Alleles can 
succeed through horizontal spread even when 
the parental lineage does not. The degree of 
clustering is much reduced compared with the 
clonal situation (Fig. 2, D and E), and dynamic 
analysis (Fig. 2F) reveals thatthe clustering that 
does occur is transient 

1 is worth noting that in both situations, the 
degive of diversity at each locus is the same and 
is governed by the balance between extinction 
and mutation, The sexual population contains 
more distinct genotypes, based on different 
combinations of a similar number of alleks. 
Recombination is frequent enough that the 
fate of alleles at one locus is not tied to their 
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more detail in the accompanying Supporting 
Online Material (27). 

Diversity-Driven Speciation in Sexual Bacteria? 
In populations with high rates of recombination, 
the reduced rate of recombination between two 
closely related species, compared to that within 
caich species, provides a mechanism of sexual 
isolation that can maintain the separation of 
species, but itis unclear whether the relationship 
between divergence and recombination rate is 
sullicient 10 cause species to arise by drift. In 
‘other words, is it plausible that chance variation 
‘would occasionally result in strains different 
enough from the founder population that they 
no longer recombine with the founders. often 
enough 10 maintain genetic proximity, and thus 
become sufficicnly genetically isolated to form a 
new species? Our simulations suggest that al- 
though this type of distance-scaled recombi- 
nation ean Head to the emergence of separate 
populations, this only occurs under conditions in 
‘which the recombination rate declines. with 
divergence more rapidly than is suggested by 
experimentation (Fig. 2, G and 1). For values of 
this dccline consistent with Fig. 1, we did not 
observe distinct populations emerging in. our 
simulations because the amount of variability 
\within simulated populations is 100 low for the 
recombination rate to vary appreciably (Fig, 2, D 


Fig. 1. (A) Recombination rate for a range of related donors, as a function of the proportion of 
sequence that is different (sequence divergence), for a variety of bacterial recipients. Circle, Bacillus 
subtilis; square, Bacillus mojavensis; diamond, S. pneumoniae; tiangle, Escherichia coli. The best fit 
log-linear curve is shown, with intercept 0.8% and slope 19.8. [Data are from (12-14), Slopes for 
individual named species range from 17.9 for S. pneumoniae to 25.7 for E. coli. (B) Genome of 
S. pneumoniae [from (35)] and location of the MUST genes. (C) Schematic representation of the sim- 
ulated genomes in a stochastic neutral model. MLST genes are highlighted. 


association with alleles at other loci, In the 
clonal situation, in contrast, clusters regularly 
become extinct (Fig. 2C, and extinction of 
clones is the principal regulator of diversity as 
a whole, Clustering can be defined as over 
ispersion of the genetic distances between 
olates (Fig. 2. B, E, and H), and a measure 
Of this is the index of association (26). In earlicr 
work, we showed how to calculate this index 
for neutral models (without the dependence on 
sequence divergence of Fig. 1) (9), and we 
hhave shown that the threshok! between clonal 
and sexual regimes holds for a wide range of 
parameters (20). The transition between clonal 
and sexual population structure is studied in 


to F), Thus, although this conceptual model is 
appealing, tis not supported by the quantitative 
detail of the interplay between genetic diversiti- 
cation and sexual isolation, 

Experimental studies of the relationship be- 
tween sequence divergence and recombination 
have focused on interspecific transfer of DNA, 
that i, between organisms that ane up 10 ~20% 
divergent and are already presumed to be at least 
somewhat sexually isolated, For the process of 
speciation modeled here, we are initially inter= 
ested in the process of intraspecific trans! 
the most important question is how yery small 
amounts of sequence divergence, up to 5% alfect 
recombination. We know that bacteria may vary 
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in their mechanisms of recombination, and larly, anom 
TA may not be 


a diffe 


hence the pattern shown in F duction in recombinatio 


universal. In a yeast, for example transduction 


relation between genetic distance and recom: 


Typhimurium and S. ¢ 


bination rates has been observed (28), in which _areonly about 26 dive 


the recombination rate declines very rapidly 
for the 
5 bp) because of a mechanism linked to the Mut 


rst few mismatches (85% reduction foro 


minal 
recombina 
be known. (1), 
U 


mismatch-repair system, and this mechanism 


then saturates so that the decline thercafter fol 
lows a lo th 


seen in bacteria studied to date (Fig. 1). Si 


linear relationship very similar 


° (ome 


‘004 


Fig. 2. Simulated genetic structure of a clonal population (A to © and sexual 
Population (D to F). All populations are evolving under neutral drift and are 
homogeneously mixing, (A, D, and G) Genetic maps, which are determined by 
principal coordinate analysis (36), represent the genetic distances between 
1000 randomly chosen isolates from the simulated population after 10° 
generations have elapsed. Coordinates are expressed in units of sequence 
divergence, (B, E, and H) An alternative way to represent clustering is the 
distribution of sequence divergence between pairs of isolates in the population. 
The thin lines show the distance between five random strains and all the other 
strains in the sample, whereas the thick red line shows the distribution of al the 
pairwise distances. Where there site clustering (E, all pairwise distances are 
similar and the distribution has a single peak; where there i strong clustering 
((B) and (H), the distribution has multiple peaks corresponding to pairwise 
comparisons within and between dusters. (C, F, and 1) Distribution of the 
pairwise comparisons evolving over 10° generations. To normalize the dis- 
tribution, paits of isolates are compared for the number of alleles that are 
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y between Salmone 


conclusions can be reached about the feasibility 


n, details of the dependence of the 


jon rate on sequence diver, 


methods based on MLST 
ni- identify strains from nat 


‘Sequence divergence 


teria separated by single recombination events 


rate (by phage-mediated and calculate the divergence between the an 


enterica serovar cestral and inserted allele (30). In species sup- 
port 


such as Neisseria meningitidis and S. pneumo- 


serovar Typhi that 
at (8, 29). Thus, before 


sufficient levels of sequence diversity 


y fi 
This demonstrates 


led re 


by distances 


within some species, extensive sequence diver 


nce must gence is no bar to recombination, Mechai 


of reproductive isolation other than sequence 


ence certainly exist, such as niche difler 
differences in DNA. exchange by 


2, weean dive 


souebsonp oneny 


a ee 500,000 


Generations 


1,000,000 


different, between 0 and 70, rather than for the proportion of base pats as in 
(6), (©, and (H). The height of the distribution i represented by color shade, 
ranging from black (0.0) to red (0.1), so that peaks in (B), (E), and (H) 
correspond to red shaded areas in (OQ), (F), and @. (© and () show clusters 
‘moving apart, visible as red peaks moving up through time. When clusters spi, 
a new peak appears at the bottom; extinctions are apparent from peaks dis 
appearing. (F) shows instead more stable population structure, with a stable 
diffuse cluster being maintained throughout the simulation. Parameter values 
for 0 and p, the population mutation and recombination rates, are 0 = 2, p = 
0.01 [(A) to (0), p = 20 x 10°™, where x is the sequence divergence [(D) to 
(PI) We also explored under which conditions dustering could occur in the 
presence of high recombination rates [(G) to (Clusters with high within- 
cluster recombination can be generated, mimicking spontaneous speciation 
1G) to (0), but require that recombination rate decines as a function of 
sequence divergence at 2 very rapid rate uncharacteristic of most bacteria 
studied to date, such that p = 20 x 109% 
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phage-mediated transduction 
‘owing to incompatibility in sus 
ceptbilty to phage infection or 
restriction-modification systems, 
‘or diflerences in transformabilty 
in esponse to homones (1.37). 
‘These mechanisms have not yet 
‘been implicated in the process of 
‘bacterial speciation, but their im- 
pact could be profound, 
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and we hypothesize that a mecha 
nism must act to separate the wo 
‘populations and that they could thus 
bbe considered nascent species. Spe- 
sition could be considered com- 
plete once these populations have 
diverged enough for blending by 


Slow Allopatric Speciation in 
Sexual Bacteria 

So far, we have considered only 
the ease of a singke population. 
Prolonged physical separation 
{allopatry) will reduce mixing 
and recombination between bac 
teria, and by random accumula 
tion of mutations, two separated 
populations will genetically di 
Verge at twice the mutation rate 
(2m), As this happens, the intrin- 
sic capacity for recombination 
between the populations is. re 
duced. The question then arises 
at what point should they. be 
termed species? 

Forsexual populations (above 
the critical recombination thresh 
old), speciation can be said 10 
have occurred when the popula 
tions fail to blend even if the barrier isolating 
them has been removed. Ifthe rate at which two 
Populations can exchange genes depends on the 
‘genetic distance between the populations, then if 
this distance is below a threshok, recombination 
can cause distinet populations to converse and 
blend, If on the other hand, this genetic distance 
is above a threshok!, then recombinational 
incompatibility between the populations is such 
that the populations can never blend and could 
legitimately be considered distinct species (27) 
‘Thus, the degree of divengence induced by al- 
lopatry or other mechanisms of separation 1e- 
{quired for speciation to occur is not a constant 
but depends on the rate of recombination be- 
thween similar genotypes. When separation is not 
Sullicient to cause speciation, and sympatry is 
restored, blending will occur more rapidly than 
allopatric divergence (Fig. 3): however, genetic 
diversity is transiently enhanced owing to the 
ong-temn persistence of alleles from both pop- 
Ulations. Separation threshokds and the dynamics 
‘of blending are explored further in (27). In sum- 
mary, simple allopatry will only generate distinct 
clusters of strains over very long periods. 


‘Comparison with Multilocus 
Sequence Analysis 

‘The inferred genetic map for a sample of bacteria 
from the mitis group Streptococci (Fig. 4) (30) 
‘was obtained from the sequences of six of the 
seven genes that define the streptococcal MLST 
scheme and from calculating the matrix of se- 
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Fig. 3. Genetic maps of a population temporarily divided by a strong 
barrier. With parameters as in Fig. 2 for the sexual population, a split is 
introduced after 300,000 generations (A). After 300,000 generations apart, 
the populations have drifted and are clearly distinct (B). At this point, the 
populations are reunited; after 10,000 generations, little distinction re- 
mains (), and after a further 10,000 generations, no remnants of the 
separation are evident (D). 


quence divergence between isolates, dl is ex- 
cluded because itis linked to genes determining 
penicillin resistance, which undergo interspecific 
transfer more frequently than others (this is an 
interesting example of selection directly affecting 
the genetic interrelatedness of populations, albeit 
at one locus), Named species are curently de- 
fined by a strict series of phenotypic tests, and 
these indeed correspond to clear clusters of re- 
lated bacteria. However, these clusters are not 
uniform; for example, S: prewnoniae is less di- 
vergent than the other named species. 

For S. pneumoniae, the recombination rate 
has been estimated as roughly three times the 
mutation rate (per locus) (79), that is, above the 
‘clonal/sexual threshold, so it should behave as a 
sexual population. The distance between spe- 
cies is quite variable. The divergence between 
5. pneumoniae and S. oralis is >10%: on the 
basis of Fig. IA. we presume that the recombi- 
nation rate between them is suppressed by a 
factor of about 100, Thus, even if opportunities 
for recombination between these were as ffe- 
‘quent as intraspecific recombination, they would 
not blend owing to genetic divensence. By con- 
trast, the divergence between S. pneumoniae and 
'S. pseudopmeumoniae is about 3%, $0 that inter- 
specific recombination should only be reduced 
by a factor of 4 relative to intraspecific recom 
bination, In sympatry, this is not sufficiently 
vergent to prevent blending. Interestingly. the 
Iwo types of streplococei appear to share a 
similar niche within the human nasopharynx, 


sympatric recombination wo be go- 
netically impossible, 


Conclusions 
Our model is an oversimplified 
caricature of genetic diversification 
and speciation but nonetheless 
azives some insight into the inter- 
play between mutation, recombi 
nation, and genetic divengence. For 
the case of diversity generated by 
neutral drift, we have derived a 
simple phenomenology of species 
If recombination is less common 
‘than mutation, the situation is e3= 
sentially clonal and the population 


clustering. In this ease, we expect 
that, although natural selection and 
geographic structure will act to ine 
uence a process of clustering that 
may be inherent to clonal popu 
lations, they donot actually cause 
the clustering. If recombination is 
more frequent than this, a threshold 
is crossed and recombination stirts to act as a 
cohesive force on the population by breaking 
finkage between alleles and reducing yenetic 
clustering. Such a situation could in principle 
Jad to dynamic speciation by chance drift, but 
only if the amount of variation within the pop= 
Uulation is sufficient for recombination rates to 
‘vary appreciably between members of the pop- 
‘ulation. On the basis of current estimates for the 
species we have studied, this does not occur, but 
it should not be nuled out. Thus, in general, 
bacteria can and do form sexual species, and 
mechanisms involving allopatry oF niche spe- 
cialization must be invoked in speciation, In 
this case, the situation is largely analogous to 
speciation in higher organisms, without the 
complications associated with sexual mating 
choive (32). 

In our analysis, we have not discussed the 
role that natural selection may play in driving 
speciation. This is not because We do not believe 
selection to be important: quite the contrary. 
Rather, it is instructive to understand the dy- 
namics of neutral diversification and specia- 
tion to then understand how different types of 
selection might influence this process. Also, we 
might plausibly hypothesize that even in a struc- 
tured adaptive landscape, adaptation to different 
niches may involve selection at a small propor- 
tion of loci, and thus that the generation of ge- 
nomic barriers to recombination arises by the 
accumulation of selectively neutral mutations, 
a process governed by simple nules similar to 
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is characterized by w high degree of 
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those deseribed here. In this sense, we may 
expect our results to be applicable to much 
larger values of the effective population size, 
‘where selective forees are amplified relative to 
rif. Some additional simulations and discus- 
sion of the effect of increasing N. are in (27). 
‘The derivation of analytical approximations to 
the processes of cluster dynamics (ke. spliting, 
‘extinction, blending, and relative drift) described 
here will help in exploring this subject further. 
‘An alternative perspective on bacterial spe- 
ciation has been provided by Coban, who iden- 
tied the clonal-sexual threshold for neutral drift 
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Fig. 4. Genetic map of the Streptococcus 
‘genus, based on concatenated sequences of 
[MUST genes (excluding da), Samples from four 
named species are highlighted. Red, 5. pneu- 
‘moniae; yellow, S. pseudopneumoniae; purple, 
'. mitis; and brown, S. oral The three light 
blue dots represent strains for which the named 
species status could not be assessed. 


but who has emphasized that the threshold for 
‘sharing adaptive polymomphisms is much higher 
(33), leading to the notion that populations may 
‘be adaptively distinct but indistinguishable by 
neutral markers. These studieshave emphasized 
the role of adaptive mutations in designating 
“ecolypes” as putative species (24). Our analy 
ses suaest that for populations with recombi 
nation rates abowe the sexual threshold, ecotypes 
‘could rapidly blend should the adaptive lind- 
scape change and the barriers between niches be 
removed, and that below the sexual threshok, 
differentiation into distinct genetic clusters arises 
ever in the absence of selection 

Our model highlights the importance of 
detailed quantitative description of the processes 
that drive speciation, The simulations used here 
are based on generic plausible parameters, but 
further work is required to produce simulations 
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properly calibrated to individual sets of experi- 
mental observations. For example, although the 
Jog dincar relation observed in Fig. 1A seems to be 
‘general —and strikingly similar among bacteria 
as different as Sireplococci. Haemophilus and 
Bacillus species —more effort is needed to mea- 
sure recombination rates between closely related 
‘bacteria because exceptions and anomalies have 
‘been documented in some systems (/1, 28, 29), 
and also to estimate gene flow within and be- 
‘ween natural populations, Examination of strep- 
tococci (Fig. 4) reveals a diversity of pattems 
between relatively closely related species, as 
ell as apparent asymmetries in gene flow that 
are not easily explained by simple model 
More work is also required to explore the in- 
templay between recombination and adaptation 
in more realistic selective landscapes, inclual- 
ing in particular the role of epistatic interac- 
tions that can promote diversity and limit the 
scope for genome-wide selective sweeps. 

In our opinion, understanding the nature and 
omganization of genetic diversity can only be 
achieved by taking a multifaceted approach to 
the problem. Genetic surveys can reveal the ex- 
{ent and nature of the diversity that surrounds us. 
(Careful experimentation can highlight potential 
mcchanisms for creating the observed pattems. 
‘Theoretical models can then be used to explore 
Whether the link between mechanisms and ob- 
servation is plausible. Because the technologi 
cal capacities for sequencing and simulating 
sequences are both growing exponentially, the 
ability to Tink them into a consistent picture may 
‘soon be limited only by our imagination. 
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Sex-Specific UV and Fluorescence 
Signals in Jumping Spiders 


Matthew L. M. Li 


here is widespread evidence for animal 
| photoreceptors that are sensitive 10 ub 
travioket (UV) wavelengths, and numerous 


$s for UV 
shown (/), In addition, visible i 


funetio rele ako been 


ht Muorescence 


induced by UV wavelengths has been implicated 


in animal signaling in certain marine invertebrates 
and in the plumage of parrots (2.3), We report a 


aling in which both UV 


ease of courtship 
reflectance and UV-induced fluorescence are used 
ona sex-specific basis. In the ornate jumping spi 
der Cosmophasis umbratica, the makes have 
UVereflective patches of scales on the face and 


body that are displayed durin, 
posturing (4), These are lack 
but females have palps with a UV-excited 


xrven fluorescence that is absent in males (Fi 
1, AtoC), 
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We examined the consistency of courtship 


bbchavior in environments t 
lacking in UV wavelen 
cent filter that specifically blocked UV wave 


Jengths (fig. SU), we removed UV reflectance cues 
UV) 
of females (OF 


in makes ( prevented the fluo 


1, We also re 


viv idl 


communication by using 
By mi 
cither, oF none of the glass arenas, we obtained 
four scenarios: “UV* and oF*; SUV, OF 
UV), OF UV, oF 
Under full-spectrum ti 


sipulating UV-blocking filters over both, 


courted females by adopting a ca 


ship pos 
ture comprising 

and extended vibr 
responded either with 
hunched legs and bent abdome 
running away (4). Without UV. 


xedeup abdomen, arched 


legs, ting palps; females 


females either 


se oF simply tumed away (with 
ing). Similarly 


s by 


nonfluorescing femal 


responded with a reduced display lacking 


behavioral elements. We found that a 


pro. 


portion of the same pairs that successfully in. 


S 


é 


a 


teracted in the presence of UV (SUV, °F) 
filed to show imtersexual behavior in its ab- 
¢ (SUV, °F.) (Fig. 1D), 

To ensure that the courtship responses of the 


spiders were an effect of sexual colors and not 
behavioral changes in the 
pared the behavioral responses of individu: 


paste sex, we com: 


of one sex. under full-spectral light when the 
partner of the opposite sex was illuminated by 
UV-deficient light. Among the 20 UV 
that actively courted F+ females, most (16) failed 
the female when she lacked Muores 
eence| SUVs, “F- (Fig. 1E)},even though her 
behavioral reactions remained statistically the 
And among 12 F 

Jed wo courting UV 


same as under normal Tight 
females that respo. 
(Fs, SUV 
that now lacked UV cues ( 


IF), even though these make 


males 
oned the same male 
Pr, UV) (Fig 
also continued 10 


show consistency in courtship, We conelule 


that sexual coloration is a crucial prerequisite 


Jumpin ve excellent eyesight (5), 


and the retinas of the principal eyes are known 
to have photoreceptors with maximal sensi- 
tivities to UV and (6, 7), The UV 
receptors have already been shown to have a 


role in male-male interactions (8), Our study 


een wavelengths. 
umbratieg 


as well, The reflectance spectra of ( 
males haye prominent peaks in both UV and 
green wavelengths, and the UV-induced green 
fluorescence is restricted entirely to the palps of 
females (fig. $2), 
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Fig. 1. (A to C) C. umbratica showing UV and fluorescent markings. Males (left) and females (right) from 
frontal (top) and dorsal (bottom) in (A) human-visible color images, (B) UV images with whiter regions showing 
strong UV-reflective parts, and (C) color images of UV-induced fluorescence in females (Materials and 
Methods). (D to F) Decrease in the number of courtship responses when UV wavebands were removed. (D) 
004; one-tailed sign test) when UV was absent from both sexes. (E) 
Males were uninterested when females lacked fluorescence (P = 0.0003; one-tailed sign test), and (F) females 
were uninterested in males that lacked UV colors (F 
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Histocompatible Embryonic 
Stem Cells by Parthenogenesis 


twa No,?* 


Kitai Kim,” Paul Lerou,*** Akiko Yabuuchi,** Claudia Lengerke,**” 
Jason West," Andrew Kirby,* Mark J. Daly,® George Q. Daley*?*** 


Genetically matched pluripotent embryonic stem (ES) cells generated via nuclear transfer or 
parthenogenesis (pES cells) are a potential source of histocompatible cells and tissues for 
transplantation. After parthenogenetic activation of murine oocytes and interruption of meiosis | or 
I, we isolated and genotyped pES cells and characterized those that carried the full complement of 
major histocompatibitity complex (MHO antigens of the oocyte donor. Differentiated tissues from 
these pES cells engrafted in immunocompetent MHC-matched mouse recipients, demonstrating 
that selected pES cells can serve as a source of histocompatible tissues for transplantation, 


phenomenon called “hybrid resistance” 
particularly relevant to bone marow transplanta 
tion (/0). As compared with mismatched organs, 
partial MHC antigen matching enhances allogratt 
survival, but fall MHC-matched tissues are the 
‘most favorable for transplant (//). The only cer- 
tain strategy for avoiding immunologic complica- 
tions is to transplant genetically identical tissues, 
bt this imits transplantation to autologous tise 
sues, transplants between monozygotic twins, oF 
cells created by somatic cell nuclear transfer 
Here we characterize pluripotent ES cell fines 
smnerated by parthenogenesis in which both of 
the matemal MHC loci have been: maintained 
Differentiated tises from such MHC-mutched 
ES cells can be transplanted into the oocyte do- 
nor stain without rejection, suggesting that these 
cells coud be a fivorable souree of histocom- 


482 


arthenogenesis entails the development of 
Peres an 
out fertilization, Many animal and plant 
species reproduce via parth 
pat bryas develop only to 
the early limb bud stage because mammalian 
embryonic development requires 
sion fom the patemal genome, P 
embryonic stem (PES) cells have bee 
from parthenogenetic blastocysts of mice and 
primates (/, 2). Both mouse and primate pES 
cells undergo extensive differentiation inv vitro 
(2, 3), and pES cells contribute widely to 
tissues in chimeric 2). A buman a 
parthenogenetic chimerism fits been deseribea in 
Which the hematopoietic system and skin were 
derived fiom parthenogenetic cells (1). In adlition 
to pluripotent stem cells from ferlized embryes 
and embryos created by somatic-cell nuclear trans 
fer (5), parthenogenesis és another method for 
‘reating pluripotent stem cells that might serve 
asa source of tissue for transplan 
Highly efficient methods of experimental 
‘murine parthenogenesis exist in which oocytes 
armested at the second meiotic metaphase (MII) 
are chemically activated in the presence of cy 
tochakisin, a drug that prevents extrusion of the 
second polar body (6). Diploidy is maintained, 
and the resulting pseuxlozygote can devel 
into a blastocyst from which ES cells can be 
isolated [Which we term p(MIDES cells (7)] 
In some eases, pES eells harbor a duplication of 
4 haploid genome and are thus believed to be 
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patible tissues for transplantation. 

Recombinant MHC-matched p(MINES cells, 
We reasoned that during the isolation of (MIDE 
calls fiom hybrid F, mice, recombination events 
eccurring between paired homologous. chro 
meiosis I would produce cells tha 
had restored heterozygosity at the MHC loci 
(Fig. 1B), Recombination frequencies place the 
murine 12 MHC locus at ~18.$ centimorgans 
(€M) from the centromere on mouse chromosome 
17 (/2), thus predicting that approximately one 


predominantly homozygous (7, 4). Because 


tissues derived from homozygous pES cells 
sets of parental 


Would express only one of t 
histocompatibility. an 
readily matched to pationts and 
risk of tissue rejection (Y). However, 
Zygous recipients, major histocompa 
plex (MIC) homozygous tissues may be rejected 
by natural killer (NK) cells that recognias the 
lack of one set of histocompatibility antigen 
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o f wou 
eo © ae ” mee 


® 


an 
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Fig. 2. Chromosome dynamics during normal and artificial murine oocyte maturation. (A) Normal 
fertilization. Immature oocytes arrested at diplotene of the first meiotic prophase harbor 20 sets of 
paired homologous chromosomes (bivalents). A single bivalent pair is illustrated at left, without 
recombination. The matemal or paternal chromosomes segregate into the first polar body (1st PB) 
during Ml. At fertilization, half of the chromosomes are extruded via the second polar body (2nd 
PB), and the incoming sperm restores the diploid chromosome complement. Blastocysts derived by 
fertilization yield fE5 cells. hCG, human chorionic gonadotropin. GV, germinal vesicle. Timeline is 
shown at top: h, hours. (B) Parthenogenetic oocyte maturation. Mll-arested oocytes are activated in 
‘gtochalasin B, blocking extrusion of the second polar body. Diploidy is maintained and the resulting 
blastocysts yield plMIDES cells. Recombination events produce MHC-matched plMIDES cells. (C) 
Parthenogenetic activation of immature oocytes (16). Inhibiting extrusion of the first polar body 
prevents segregation of the homologous chromosome pairs. Extrusion of a polar body restores diploidy. 
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in five meioses will yield a crossover event. We 
collected mature oocytes from CS7BL6 = CBA 
F mice and initiated parthenogenetic embryo 
development via a protocol that prevents ex- 
trusion of the second polar body. From the 74% 
‘of activated oocytes that developed to blasioeyst, 
Wwe isolated 72 p(MIES cell fines (Table 1) 
We used polymerase chain reaction (PCR) 
‘amplification followed by allele-specific resric- 
tion enzyme digestion or direct sequencing of 
single-nucleotide polymorphisms (SNPs) within 
the H-2 region of chromosome 17 to determine 
\whether recombination had restored heterozy- 
xzosity at the MHC loci (/3), 24 out of 72 (MID) 
ES cells (33%) harbored the heterozygous MHC 
genotype of the oocyte donor (fig. SLA, black 
circles; and fig. SI, B and ©). Genotyping of 
fManking markers on chromosome 17 confimad 
the MHC heterozygosity in a subset of eight se 
Fete cell Hines (fig, SIC), We call ES cells se 


Jected inthis manner recombinant MHC-matched 
PIMIDES cells. 

Recombinant MHC-matched p(MIJES cells 
\were differentiated into embryoid bodies (EBs) 
for 14 days, followed by culture on gelatine 
coated tissue culture plates for an additional 14 
days in onder to examine MHC antigen expres 
sion on a differentiated population of epithelial 
like cells (14). Differentiated p(MIJES cells that 
had not recombined at the MHC loci by poly 
momhism analysis expresed only one of the 
parental MHC protcins (HK for C37BL6 mice; 
Fig. 2B), whereas MHC-matched p(MIDES 
cells that had recombined expressed both H2K" 
and H2K* on all cells (Fig. 20). These data con- 
firm the heterozygous genotype by MHC antigen 
expresion. A majority of p(MIDES cells had a 
nonmal karyotype (fig. S2A: n= 16 normal 
Karyotypes out of 19 fines tested). minority of 
TMMIDES cells showed the loss of one X chno- 


Table 2. Parthenogenetic oocyte activation and E5 cell derivation from a CS7BL6 x CBA F mouse. 
Numbers indicate embryos reaching a given stage/total oocytes, 


Efficiency of p(MIDES cell derivation 


Stage Leell —_2eells 4 cells Morula_—_Blastocyst__pUMIDES cells 
Rate of 15015012550 «1175011550 149/150 TAA 
evelopment (100%) (83%) (78%) (77%) «(74ND (65%) 
Efficiency of p(MVES cell derivotion 
Rate of uzniz e7a2_—BY2— 7512 «63/150 23/63 
development (100%) (78%) (72%) —_—*(67%)_—_—(56%) G7%) 


Table 2. Teratoma formation after injection of differentiated TES, pOMIDES, and p(MDES cells into 
MHC-matched and -mismatched recipients, observed for 3 months. Rag2~/ye™ mice are on the 
C57BU6 background. Numbers represent teratomas formedi/total mice injected. (P < 0.001 for the 
hypothesis that haptoidentity or full MHC match predicts teratoma formation; see methods in sup- 
porting online material for assumptions in statistical analysis.) 


ES cell type (MHC) 
hedpfent SRS tes poe panies pUMDES, 
calls cells cells eesrpus) cals cells 

mouse (¢57BU6) (CBA) (C57BU6 x CBA) (C578U6 x CBA) (C57BU6 x CBA) 

Rag2 Hye" + (4/4) + (515) + (2/3) + (aay + GA) +G0) 

CBA = (0/8) + (5/5) (03) - (03) =a) (oa) 

cs7BUs + (5/7) (0/5) ~ (085) +(en2) = (015) ~ (0/5) 

CS7BU6 x + (3/5) +(3/5) + (618) + cz + (45) +055) 
BAF, 


A Unditferentiated 
P(MINJES cells 


B Differentiated 
P(MINJES cells: 


Fig. 2. MHC protein expression on pES cells. Flow cytometric detection of H2K protein expression is 
shown on (A) undifferentiated p(MIES cells, (B) differentiated MHC-homozygous pUMIDES, (C) 
MHCheterozygous p(MINES, and (D) MHC-heterozygous p(MDES cells. 
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mosome, a phenomenon known to occur in fe- 
male ES cells (/5). 

MHC-matched piMNES cells. Ina second 
method aimed at generating genetically matched 
pES cells from C57BL/6 = CBA F; mice, we in- 
duced parthenogenetic development of imma 
ture oocytes while imterfering with the segregation 
of the paired homologous chromosomes durit 
the first meiotic metaphase (MI: Fig, 1C). This 
protocol has been reported 10 yield pantheno- 
genetic embryos that are genetic clones of the 
‘oocyte donor by preventing segregation of the 
homologous maternal and paternal chromo- 
somes (/6). From the 56% of activated oocytes 
that developed into blastocysts, we isolated 23 
ES cell lines, which we team p(MI)ES cells 
(Table 1), We determined the genotypes of the 
MHC region of the (MNES cell lines by PCR 
amplification followed by allsle-spovitic rest 
tion enzyme digestion or direct sequencing of 
SNP loci on chromosome 17, and we observed 
MHC heterozygosity in 21 of 23 cell lines (fig. 
SLA, white circles; and fig. $3), Genotypi 
of flanking markers on chromosome 17 con- 
firmed the heterozygous MHC genotype and 
MIIC identity with the oocyte donor in 10 mem- 
brs of a selected sot of 12 p(MDES cell lines 
(lig. SIC), 

MIIC-maiched p(MDES cells were differ- 
entiated for 28 days in culture as described 
hove and examined by flow cytometry, The 
differentiated derivatives expressed both H2K™ 
and H2K° on all cells, confirming heterozy gos- 
ity of the MHC locus by surface protein expres 
sion (Fig, 2D). In seven p(MDES cell lines, we 
documented a normal diploid chromosome co 
tent by direct chromosome counting (fig. S2C), 
‘Seven pUMDES cell lines had 39 chromosomes, 
reflecting the tendency of female ES cells to bo 
an X chromosome (7, 15), Nine lines showed 
variable chromosome content, A more detailed 
genomic analysis that distinguishes these dip- 
Joid and ancuploid classes of p(MI)ES cells is 
presented below. 

Pericentromeric genotype and patterns of 
recombination in p(Mll) and piMDES cells. To 
assess the pattem of chromosomal segregi 
observed under the different oocyte activ: 
protocols and to determine the degree of gs 
netic identity of the pES cells with the oocyte 
donor, we determined the pericentromerie geno 
type and distal recombination of the p(MIDES 
and p(MIES cell lines using SNPs that di 
‘guish the parental mouse strains (CS7BL6 and 
CBA) (17). We hypothesized that p(MIDES cells 
would be predominantly homozygous, with r= 
‘combination reflected by a telomeric predomi 
nance of heterozygous . Conversely, Wwe 
reasoned that the (MDES cells would be pre- 
dominantly heterozygous, with recombination 
reflected by a telomeric predominance of homo- 
~Zygous SNPs. Moreover, ES cals isolated fom 
embryos that resulted from natural fertilization 
events between strains of inbred mice (IES cells 
from F; matings) should show heterozygosity at 
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all loci, because the gametes derive from. homo- 
Zygous parents in which meiotic recombina- 
tion is genetically invisible. We genotyped three 
SNPs on chromosome 17 in 72 p(MIDES, 23 
P(MDES. and 20 1S cell fines, and a single 
Pericentrimeric SNP on each chromosome in 
‘one (MINES and five p(MDES cell lines (fig 
S4). Based on the results of this low-resolution 
genotyping, we selected a set of 17 pXMIDES 
and 20 p(MDES cells and performed higher- 
resolution genotyping using a standard panel 
‘of 768 mouse markers evenly spaced across 
the genome ion of a previously de- 
seribed SNP set (/8)]. A total of $14 markers 
spanning the 2.25 gigabases (Cb) across the 
19 autosomies were informative: They were poly= 
morphic between CS7BL6 and CBA and had a 
control F, cormeetly identified as heterozygous 
(resulting in an average intermarker distance of 
4.6 Mb). 

'SNP genotyping confined the hypothesized 
pattems of recombination but revealed a sur 
prisingly high degree of heterozygosity for the 
P(MIDES cells, Because sister chromatid 
regation is prevented in MII, all chromosomes 
ar their con- 
res for one of the two parental stains (Fig. 
nd figs. SS and S6), Because of recombina- 
tion, the heterozyyosity of SNP markers in- 
‘ereased in frequency in proportion to the 

fom the centromere (Fig. 3A. right 
ind fig. SOA). Despite the presu 
‘of predominant homeyzygosity in jXMIDES cells, 
‘ve found homzy zosity at only 
survey of 17 piMIDES cell lines, with ar 
‘of homozy gosity between 23.9 and 47.8% 
$7). These data demonstrate that, contrary 10 
‘expectation, recombination renders the majority 
‘of loci in (MINES cells heterozygous, 

Some p(MIDES cells harbored genotypes 
that showed homozygosity of SNPs. from one 
parental strain near the centromere, followed by 

region of heterozygosity, and then a telomeric 
region of homozygosity of SNPs from the other 
parental strain (chromosomes 8 and 10 in Fig. 
3A), This pattem is consistent with meiotic re- 
‘combination between both sister chromatid pairs 
‘of homologous chromosomes, which occurs dur- 
ing Ml, followed by segregation of the bivalents 
into separate cells upon estrusion of the first po- 
Jar body, and then co-sezregation of the recom- 
binant sister chromatids into the same cell de 
to inhibition of extrusion of the second polar 
body (Fig. 1B). With both sister chromatids un- 
dergoing recombination separately, we post- 
lated that p(MIDES cells, although constrained 
to be homozygous at the centromeres, woul! 
manifest recombination at a rate that would be 
equivalent to an F intercross between two Fy 
mice. We calculated the genetic linkage map 
from the p(MIDES genotypes using the pro- 
gram MAPMAKEREXP version 3 under the 
model of an F intereross, and across all auto- 
somes we estimated a total map length of 1329 
©M. This is broadly consistent with the Mas- 
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sachusetts Institute of Technology Whitehead 
map. which reported a total autosomal map 
length estimate of 1338 eM (19), 

‘Analysis of the recombination pattems of 20 
P(MDES cells showed two distinct subgroups. 
Twelve of the p(MDES cells showed a predon 
inant pattem of heterozygesity beginning at the 

allowed on some chromosomes by 
telomeric regions of homozygosity (Fig. 3F and 
fig. SOB). When the genotype data of these 12 
lines were similarly evaluated under the as- 
sumption of an Fy intercross, the observed map 
Jength was significantly suppressed (910 eM), 
Despite the high density of polymorphic markers 
examined, 94 of the 228 autosomes in these 12 
lines were observed to be completely heterozy- 
ous (fig. S7). These observations drive the es- 
timated map length down as compared to that of 
the pMMIDES cells and a standard Fy recombi- 


Ap(MINES 


cen 


i 
il. 
a8 


nation patter, Indeed, the map length is sup- 
pressed because the recombinant chromosomes 
will in some cases co-searegate by chance (or 
bby nondisjunction) into the same cell, thereby 
preserving heterozygosity in the genoty 
say (fig. S 

A subset of eight p(MIES cells demonstrated 
complete hetero 


embryo with the oocyte donor—in effect, 
thenogenetic clone, as originally reported (76), 
However, all of the eight p(MIDES cell fines that 
show complete heterozygosity are in fact acu 
ploid, with a range of chromosome counts be- 
‘ween 38 and 77. Thus we speculate that these 
ppanhterorygous AMIDES cells derive from tet- 
raploid blastocysts that manifest infidelity. of 
chromosomal segregation during derivation and 
culture. Indeed, when oocytes are activated soon 
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Fig. 3. Genome-wide SNP genotyping ofa representative clone of p(MDES, MNES, and panheterazygous 
ANDES cells (A) plMIDES cells, (B) pONDES cels, (C) panheterozyqous plIMNES cells. Left panels show 
‘genotypes for each chromosome, from centromere (cen, top) to telomere tel, bottom), revealing blocks, or 
haplotypes, of markers. Green, homozygous C57BU6 (B6) SNP; orange, homozygous CBA SNP; blue, 
heterozygous (HET) SNP. Right panels show the heterazygosity of SNP markers plotted against SNP marker 


distance from the centromere. 
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afler eytochalasin treatment 10 block Ml, tot- 
ploid blastocysts frequently esut (figs. S2C and 
$9), Such embryos will yi! te 

cells, and it is possible that 
dlimethylaminopurine may thereafier predispose 
them 10 abnormal chromosomal segregation or 
Such isolates maintain 
complete heterozygosity when genotyped as a 
population but do not represent a true clone of 
cells with genetic identity 10 the oocyte donor 
Theoretically, parthenogenetic clones would arise 
‘only if the recombination events of MI are 
suppressed or if there is obligate co-seeregation 
‘ofthe recombinant chromosomes into the same 
daughter cell. Based on our experi 
skeptical that true parthenogenetic clones can be 
isolate. 

Differentiation potential of p(MIDES and 
pOMDES cell lines. To assess the pluripoteney of 
the MIC-matched pES cells, we evaluated their 
differentiation potential by in vitro and in vive 
assays. We injected ells subeutancously into 
immunodeficient mice and observed robust tera- 
toma formation fiom multiple MINES (n 
11), (MDES (=), and HES (r= 3) cell lines 
The differentiation potential of (MINES cells 
has been well documented (/), bat not that of p 
(MDES cells Histology of te 
PIMDES cells revealed tissue clememts of all 
three embryonic germ layers: mesodern (bone, 
b and carte), endoxkerm 
(respi nd eNoeTINE panerEns), 


tery epithelium 


Fig. 4. Histopathology 
of teratomas from MHC- 
matched p(MES cells 
‘and skin chimerism, (A) 
Cartage, (B) Bone and 
bone marrow. (© Muscle 
(D) Brain (E) Melanocyte 
(iris) (F) Skin, (G) Res- 
piratory epithelium. (H) 
Pancreas. () Black coat 
color chimerism result- 


injected into blastocysts 
froma BalbS) Fy mouse 
(white coat color). Scale 
bar, 100 jm, 
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and cctodcm [brain, melanocyte (iris), and 
skin} (Fig. 4). Using previously published 
methods for in vitro differentiation of ES cells, 
we observed rhythmic contractility in EBs that 
was consistent with cardiomyocyte develop- 
ment in pMI, pM and fES cells, and com- 
parable numbers of hematopoietic elements as 
measured by methylcellulese-based_colony- 
forming cell assays and flow cytometic a 
for the hematopoietic markers Kit, CD41, 
CDAS (20) (fig. S10, A and B). We gencrated 
chimeric mice by injecting jXMIDES (n = 4) and 
PAMDES (r= 3) cells into recipient blastocysts 
Examples of pXMIDES and pxMDES cells each 
demonstrated fetal liver chimesisn and high-level 
skin chimerism of adult mice (Fig 4). No 
smline transmission of gametes P 


4). 
om. th 
(MIDES or p(MDES cells was noted in cight 


male chimeras that generated me 
than 700 progeny. M over $0 
{etraploid embryos with jXMDES cells failed 10 
result in live births, consistent with the known 
develope a 
mouse embryos (1), 
potent t0 sus! mal development be- 
‘cause of a lack of paternal imprints, p(MIDES 
and (MDE cells appear to share a comparable 
ree of mulilineage tissue differentiation as 


ot fully com- 


Histocompatibility of differentiated prog- 
‘eny of MHG-matched p(Mil) and piMDES cells. 


To test the immune o lity of selected 


ES cell lines, we perfor 
periments in immunodeficient mice 
recipients that were 
MIIC-maiched or -mismatched. When we in- 
jocted 10° undifferentiated 1ES or pES cells sub- 
‘outancously into immunocompetent mice, we 
failed to observe efficient teratoma formation 
regardless of the genotypes of the ES cells or 
recipient mice. Like early embry 

undifferentiated mouse ES cells do not express 
MIIC antigens, which we speculate renders them 
sasceptible to rejection by NK cells (5). MHC 
antigens are expressed after differentiation of 
mouse ES cells in vite (Fig. 2). To deter 
mine whether differentiated tissues derived 
fiom ES cells would be accepted as tissue 
fis in recipient mice, we pre-differentiated 
ES culls into EBs for 2 weeks, then injected 
EB cells subcutancously into. immunodeficient 
mice or into immunocompetent MIIC-matched 
and -inismatchod recipients, We observe tert 
tras in all ice when we injected! pro-diflerentiatd 


tissues, 


ES cells into immunodeficient Rag2”“/ye 
mice (Table 2), In immunocompstent recipient 
mice, we observed teratoma formation from pre 

ued fES and pES cells only if thene was 
no MIC mismatch with the recipient (Table 2). 


All ES cells that carried both CS7BL6 and CBA 
MIIC genotypes successfully engrafied in heter 
‘ozygous MHC-matched CS7BL6 = CBA Fy 
recipients, but failed to form teratomas in. mis- 
matched homozygous CS7BL6 or CBA rweipi- 
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cents (Table 2). Homozygous TES or p(Mll) ES 
cells engrafted in MHC-matched homozygous 
and heterozygous recipients (Table 2). Because 
ES cells of the CBA strain form teratomas in 
the Rag?” hye” mice, which are on the CS7BL6 
‘background, we conelude that the immune re 
sponse, and not host strain factors, is responsible 
forthe failure of teratoma formation in immuno- 
competent MHC-mismatched recipients. These 
data demonstrate the histocompatibility of die 
‘entiated tissues trom FES and pES cells that share 
genetic identity at the MHC Toei with transplant 
recipients. 

Discussion. We describe two strategies for 
isolating pluripotent murine ES cells that are 
‘genetically matched to the oocyte donor at the 
MHC loci. By applying genotyping analysis to 
pes ated from hybrid CS7BL6 » CBA 
F, mice, we have selected fines that retain the 
matemal MHC genotype by vitue of speci 


meiotic recombination events and inheritance of 


the relevant sister chromatids. When these ge- 
netically defined pES cells are pre-itferentiated 
imo EBs before being injected into immuno- 
‘competent recipient mice, the tissues engraft as 
Fong as the MEIC genotype of the donor cells is 
iatched to the recipient mouse, 

Although unable to sustain full organismal 
development because of the lack of paternal 
imprints, ES cells derived from parthenoge- 
netic embryes appear to be pluripotent. Wheth- 
ce tissue differentiation and engraftment into 
all lineages are robust and whether the loss of 
heterozygosity of critical genomic regions might 
disrupt cell funetion in engrafted tissues re 
main central questions (27). These caveats not- 
Withstanding, our data fiom the murine system 
establish a proof of principle for using pantheno- 
ixenesis t0 generate MIIC-matched tissues for 
transplantation. 

Difierentiated tissues from pES cells that 
‘express only one of the two sets of parental MHC 
haplotypes appear to engraft in heterozygous te 
Cipients (Hor example, CS7BLG into CS7BLIO = 
CBA F; recipients: Table 2). This suggests the 
Uncoretical possibility that a modest-sized bank 
consisting of pES cells homozygous forthe ma 


jor MHC haplotypes could serve as a source of 


transplantable tissues for cell replacement ther= 
apy. However, bone marrow and pethaps other 
tissues are subject to rejection by NK. cells, 
\which can distinguish tissues that express: the 
full complement of MHC molecules from those 
‘expressing only a few (/0). Moreover, minor his- 
tocompatibility antigens scattered across the ge 
nome might complicate transplantation from an 
allogeneic cell bank. Full MHC matching (or 
indoed, full genetic identity) is most favorable 
predicting the survival and function of sotid- 
‘ongan allogratis (//). More discriminating trans- 
plantation experiments are needed 10 distinguish 
the relative merits of tissues derived from homo- 
~zygous MHC-matched pES cells, fully MHC 
matched pES cells, or isogenic tissues derived 
by nuclear trans, 
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A routine, highly efficient method for ex- 
perimental parthenogenesis in mice intemupts 
MIL and results in an embryo that caries a du- 
plicated haploid genome that has been described 
as predominantly homaryzous, except for re- 
gions that have reverted to heterazygosity be- 
cause of recombination events during MI (3). 
Our data demonstrate quite unexpectedly that 
the majority of loci in (MINES cells undergo 


first meiotic division ensure that substantial 
heterozygosity is preserved across the geno 
except for those regions that convert to homo- 
zygosity because of recombination, Both (MID) 
and (MI) cells can be selected to maintain the 
MHC genotype of the oocyte donor. All forms 
fof pES cells retain the mitochondrial genome 
of the oveyte donor, unlike genetically matched 
ES cells that are created by nuckear transfer into 
joveytes fom an unrelated donor, and therefore 
may avoid immunologic rejection due to antigens 
encoded by the mitochondrial genome (22) 
Using a protocol that had been reported 40 
create panhenogenctically cloned embryos (76), 
we generated a sct of eight p(MDES cells that 
retained complete heterazygosity at all foc, im 
plying genetic identity with the oocyte donor. 
However, these cells were al cither tetraploid o 
ancuploid, suggesting that they arose from em 
bryos that had failed to convert 10 diploidy 
during the parthenogenetic activation of im- 
mature ooeytes. Although these cells retain ex 
sentially all of the maternal chromosomes, they 
are not te chines and are not likely to be a 
trustworthy souree of tisues for transplantation. 
The status of matemal- or paternal-specitic 
imprint genes can be monitored 10 identify pES 
cells. Analysis of the imprinted status of the 
Rasgrfl locus in 16 pXMDES cells confirmed the 
maternal pattem of methylation (fig. S11 
fever, the assessment of imprint loci in ES cells 
‘may be unreliable given their tendency towand 
epigenetic instability (23). The data presented 
here demonstrate that discerning the distinet pat- 
tems of homozygosity and heterozygosity in 
ES cell lines through SNP genotyping across 
the genome provides a definitive means to deter 
mine whether lines are the result of pantheno- 
genesis, nuclear transfer, or natural fertilization, 
‘The diagnostic pattem of MINES cell ine is 
pericentromeric homozygosity and increasing 
heterozygosity as physical and genetic distance 
fom the centromere increases. The diagnostic pat- 
tem of a p(MDES cell fine is pericentromeric 
hheternzyzosity and an increasing feaquency of 
homozygosity at markers distal to the centromere. 
A cell line derived fiom an embryo proxtuced by 
‘nuclear transfer from a somatic cell wil, for the 
‘most par, be a complete gonctic match of the 
nuckar donor, because only rage ocoumenees of 
mitotic reeombination would alter the expected 
patiem of SNP identity. Furthermore, there should 
bbe no discemable tendency for the recombination 


of genetic markers at greater distances fiom the 
ccatromere. Similarly, an ES cel line derived trom 
a fentlized blastocyst shoukd be a combination of 
sperm and exe donor haplotypes, again with no 
selationship between frequency of heterozygosity 
of markers and distance fiom the centromere, 

Beyond demonstrating the potential for his- 
tocompatibility of parthenogenctically derived 
tissues, our experiments provide an analysis of 
genetic recombination during. parthenogenetic 
activation and distinguish the pattems of recom- 
bination observed when karyokinesis is inter- 
rupted during meiosis I or I. Moreover, we note 
that isolation of p(MIDES cells followed by SNP 
genotyping provides a means of genetic mxpping 
(of loi for phenotypes that can be defined through 
the study of ES cells 
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Reversible Switching of 
Hydrogel-Actuated Nanostructures 
into Complex Micropatterns 


Alexander Sidorenko,” Tom Krupenkin,* Ashley Tayl 


2 Peter Fratzl,? Joanna Aizenberg™* 


Responsive behavior, which is intrinsic to natural systems, is becoming a key requirement for 
advanced artificial materials and devices, presenting a substantial scientific and engineering 
Challenge. We designed dynamic actuation systems by integrating high-aspect-rato silicon 
nanocolumns, either free-standing or substrate-attached, with 2 hydrogel layer. The nanocolumns 
‘were put in motion by the “muscle” of the hydrogel, which swells or contracts depending on the 
humidity level, This actuation resulted in a fast reversible reorientation of the nanocolumns from 
tilted to perpendicular to the surface. By further controlling the stress field in the hydrogel, the 
formation of a variety of elaborate reversibly actuated micropatterns was demonstrated. The 
mechanics of the actuation process have been assessed. Dynamic control over the movement and 
orientation of surface nanofeatures at the micron and submicron scales may have exciting 
applications in actuators, microfluidics, or responsive materials. 


daptive materials and devices that 
Asis a fn 
sponse to extemal stimuli are the focus 


‘of rescarch in fields ranging from medicine and 
biology to chemistry, physics, materials science, 
and engineering, A wide range of artificial re- 
sponsive materials, mostly involving polysmers, 
has been reported (/-9). Hydrogels are prom: 
inent examples of such materials. Their elastic 
networks sivell in water allowing one toachieve 
the desired degrees of polymer hydration and 
volume changes. A variety of gels that ane re 
sponsive to humidity, pH, temperature, electric 
field, light, and ion strength have been designed 
(1-7) and patiered by means of lithography 
(8.9), These responsive yels have been shown to 
have potential applications in microfluidies, tise 
sue engineering, and as shape-memory materials, 
ial muscles, valves, and actuators (9). 

Synthetic routes and fabrication strategies 
Teading to new-generation, dynamically tunable 
materials are often inspired by biological systems 
that show a Wide range of adaptive responses. 
Recently, a number of studies have demonstrated 
that various physicochemical properties of biolow- 
ical materials that are generally vital for survival 
aise from the presence of highly developed sur- 
Se nang-roughness and exquisite nano- and 
microfeatures (0-12). Nano- and microstruc 
tums that develop on the surfaces of gecko feet, 
Hots leaves, and cicada and butterfly wings; for 
‘example, provide these organisms with exeep- 
tional adhesive, self-cleaning, water-repelling, 
and photonie properties. 
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Several efforts have been made to anificially 
produce nanostructured surfaces in polymeric 
als that mimic biological structures. and 
functions (13, 14) The intrinsic flexibility of 
polymers frequently leads to undesired design 
‘outcomes, because the features in soft materials 
are poorly controlled in general and are 
susceptible to imeversible collapse (/5). We re- 
portal an altemative approach to the fabrication 
‘of nanostructured surfaces, in which regular 
arrays of well-defined nanostructures with fea- 
ture sizes of ~100 t0 300 nm and aspect ratios 
reaching 100 were formed in silicon by means. 
the Bosch process (/6). These structures are 
stable and their geometry is highly controle. 
vever, makes them unsuitable 
adaptive materials and devices. A 
more promising appcoach is to create materials 
based on a hand soft combination that capitalize 
‘on the properties of both clements. Stable super- 
hydrophobic surfaces have been fabricated by 
using polyeketrolyte multilayers overcoated 
ith silica nanoparticles (/7). Interesting exam- 
ples of chemically, magnetically, and light- 
responsive photonic erystals, which were made 
by dispersing rigid colloidal particles into hy dro- 
gels have been reported (/8, 19), Realike buikd- 
ing blocks consisting of gold and polymer 
domains haye been shown to selfassemble into 
a Variety of superstructures (20), 

We propose here to use the combination of 
soft and hard elements to enable reversible 
actuation of rigid surfice nano- and micro- 
structures that are set in motion by the polymer 
layer. We integrated a hydrogel (Fig. 1A) with 
an amay of isokited. high-aspectratio rigid 
structures (AIRS) (Fig. 1B) into hydrogel AIRS 
assemblies (HAIRS) (Fig. 1. C 10 E). The AIRS 
provide rigidity, structure, and precision, whet 
as the hydmgel provides responsive behavior. 


We anticipated that the combination of the Wo 
‘would offer substantial dynamic responses based 
‘on geometrical rearrangements of the hydrogel- 
actuated nanostructures, 

To achieve these designs, the hydrogel was 
formed in the confinement between AIRS 
secondary substrate (Fig, 1C) (21). Polyely 
plate (PGMA) partially modified with 
acrylic acid, which forms an anchoring interface 
that is rich in reactive epoxy groups (22), was 
chemisorbed on one of the substrates. A layer of 
rerylamide gel (PAG) grafted to the sub- 

Via PGMA was formed by photo- or 
thermo-initisted in situ radical copolymerization 
of acrylamide and NN-methylene 
a a cross-linking agent (fig. $1), The AIRS used 
in our experiments consisted of square amays of 
Vertically oriented, uniform nanocolumns with 
diameters d ~ 100 0 300 nm, heights r= S to 
3 jum, aspect nitios fd = 15-10 80, and potion 
dicites p= 2.104 ym (Fig, 1B), 

We developed two hybrid architectures using 
cither free-standing (HAIRS-1) or attached 
S-2) nanocolumns. The key clement of 
the HAIRS-1 design is the use of hydrogel 
embedded silicon nanocolumns that detach from 
the original AIRS silicon water (Fig, 1D), To 
ichieve the HAIRS-1 structure (fig. $2), the an- 
. sorbed PGMA andacrytic 
acid was applied to the second surface, whereas 
the AIRS remained unmodified. The prepolym- 
lution was introduced between AIRS 
modified confining surface. After polym- 
crization, the two surfaces were separated by 
applying shear stress tothe “sandwich” that re- 
sulted in the complete breaking of the columns 
atthe base. The detached colunins remained em 
bedded in the hydrogel film grafted via PGMA 
to the confining surface. This procedure 
followed by rinsing and drying of the hydrogel 

ove unreacted monomers and the sol- 
vent, causing the contraction of the film and the 
associated slanting of the unattached nano- 
nns (Fig. 2, A and B), The surface revealed 
domai nif tilt direction 
by inhomogeneity of the 
defects. The 
tilt angle « of the columns observed in several 
experiments was 60° to 75°, and the exposed 
Jength / was 1.5 102.5 jm, Exposure to humidity 
Jed to swelling of the hydrogel and relaxation of 
the drying stresses, As a result, the tilted col- 
lumns moved to their original orientation per- 
pendicular tothe surface (Fig. 2C). Upon drying 
the columns returned to their tied state. By 
wdjusting the humidity level using the humidity 
chamber (and thus regubiting the degree of 
hydration and the related volume change of the 
hydrogel), we ean control the tilt angle of the 
nanocolumns. 

‘To measure the actuation time, the process 
‘was recorded with a high-speed video camera 
(2D, When a water droplet is placed on a dry 
sample, the switching to the perpendicular 


hydrogel 
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orientation is extremely fist(~60 ms). Movie SI 
depicts the process slowed down by abou 
factor of 7. The reverse transformation to the 
tilted state caused by unassisted drying of the 
sample takes ~4 s. Movie S2 depicts the re- 
verse process slowed down by a fictor of 2 
The latter reorientation can be accelerated, if 
neede airflow in the system and/or 
the temperature. The actuation 


eyele was repeated on the same sample more 
than 20 times immediately after the prepa 
and more than 25 times 6 months later. No 
deterioration or change in the response 
was observed, demonstrating a remarkable 
stability and robustness of the designed a 
tion system, 

When the anchoring layer of chemisorbed 
PGMA and acrylic acids applied 10 the AIRS 
substrate and the confining surface is unmod 
ified, the hydrogel film is grafted to the nano- 
structured surfice (fig. $2). In this HAIRS2 
design (Fig. 1E), the hydragel-embedded nano- 
columns remain attached tothe original substrate 
and bend upon the drying of the polymer film 


(Fig. 3A). The actuation cycle is similar wo that 
doeribed for HAIRS-I: Exposure to humidity 
causes the hydrogel to swell and relax, thus 
the nanocolumas to their perpendicular 
‘orientation. To visualize the reorientation process 
and the dependenos ofthe it angle onthe deg 
‘of hydration and or humidity, we placed a droplet 
fof water on the HAIRS-2 surface and took an 
edge (Fig. 38) 
jing of the hy- 
drogel gradually decrease seross this region, 
inducing a pro 
of the nanocolumns. 

We further capitalized on these new actus. 
tion systems by expanding their capabilities 10 
form reversibly actuated micropattems with 
comp geometries. Because the tlt direction 
‘ofthe nanocolumns in the HAIRS-1 design de- 
pends on the local defects on the confi 
face, weanticipated that this orientation could be 
controlled by deliberately introducing a top 

hic patern onto this surface. Indced, a high 
Iy uniform tlt dicetion of the nanocolumns was 
achieved by using a con 


pesive increase in the tilt angles 


jing surface that was 


Fig. 1. (A) Schematic presentation of the structure and composition of the PAAG film grafted to the 


Si/Si0, substrate via the PGMA anchoring layer. 


B) Scanning electron micrograph (SEM) of a sample 


‘AIRS structure composed of an array of silicon nanocolumns. An inset on the right reveals a banding 
patter (scalloping) that is characteristic of the Bosch fabrication process. The band width is ~200 nm. 
(C) Hydrogel synthesis in the confinement of the AIRS and a secondary substrate (a glass slide or a 
silicon wafer, either flat or topographically patterned) separated by a spacer of the desired thickness 
that regulates the size of the polymer film. (D) Hybrid HAIRS-1 design. The nanocolumns, embedded 
into the hydrogel layer grafted to the PGMA-modified confining surface, break from the original wafer 
upon the separation of the confining substrates and become fully transferred onto the secondary 
surface. The surface topography changes from an array of highly tilted to vertically oriented 
ranocolumns. (E) Hybrid HAIRS-2 design. The hydrogel film is attached directly to the AIRS silicon 
wafer. Nanocolumns remain attached to the surface and bend upon drying. 
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patterned with lines (Fig. 4A). A variety of more 
complex pattems can be achieved by using an 
underlying substrate of corresponding topogra- 
phy. One such example is given in Fig, 4B, 
where a honcycomblike pattern on the confining 
surface controls the formation of a complex 
structure in which arrays of radially oriented 
columns form “microflowers” that follow the 
geometry of the templating surface. An array of 
* in which every group of fox 


systems, in which the polymers are actuated by 
an electric or magnetic field. Even more im 
portant, these pattems are reversible, in contrast 
1 the cases of structural rearrangement and a 
sembly reported in (20, 23), Structures shown in 
Fig. 4, B and C, open and close depending on 


Fig. 2. microscopy study of the HAIRS-1 design. 
(A) SEM image of a dry sample viewed perpen 
dicular to the surface reveals tilted columns 
‘organized in domains with different ttt ditec- 
tions. The top inset shows a zoom-in view per- 
pendicular to the surface. The number of 200-nm 
bands n on the emerging portion of the nano- 
columns and the length of the column projections 
‘a were monitored to determine the length fof the 
exposed nanocolumns (= 200n, measured in 
‘nm) and their ttt angle (sin « = ail. The SEM of 
the oss section (bottom inset) clearly shows the 
titted nanocolumns partially embedded into the 
hhydrogel layer. Scale bars in insets, 2 um. (Band 
© Optical micrographs, imaging the same region 
cof the HAIRS=1 system in 2 dry (B) and a wet (C) 
state, show the reorientation of the nanocolumns 
from a tilted to a vertical position upon the ex- 
pansion of the hydrogel. Also see movies $1 and 
S2 and fig. $3. 
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the humidity level, as illustrated in Fig. 4, D and 
E, Their movements resemble the responsive 
behavior of camivorous plants or pedicellaria 
(multjawed mictoforceps-like structures found 
on echinoderms), whose movement between the 
open and closed states functions in feeding and 
defense and as an antifouling mechanism, pee 
ventin nd growth of microorga 
nisms (24). These biological structures essentially 
exist as arrays of environmentally responsive ac 
tuators, as do our aniticial dynamic patterns. The 
potential of these unique structures for various 
applications is now being explored (25). 


the settlement 


From a mechanical viewpoint, there is a major 
difference between the HAIRS-1 and HAIRS-2 
systems in the way that the nanocolumns are 
deformed. In the case of the HAIRS-I system, 
the columns comespond essentially 10 
ments loaded under compression, wheres 
shrinking 
type of de 


Fig. 3. Microscopy study of the HAIRS-2 struc- 
ture, (A) Low-magnification SEM (left) and high- 
‘magnification SEM (right) show the hydrogel layer 
that forms characteristic onionlike or conical 
features at the bottom of the nanocolumns. (B) 
Optical micrograph of the drying edge of the 
HAIRS-2 structure taken perpendicular to the 
surface. The clarification of the actuation mech- 
anism is shown schematically below the micro 
graph, A dashed line inthe schematic corresponds 
to the focal plane in the image. The degree of 
hydration or swelling of the polymer layer de- 
creases gradually across the sample from left to 
right. Correspondingly, the nanocolumns gradu- 
ally change their orientation from perpendicular 
to tilted. The whole range of the orientations is 
depicted, thus providing a still image ofthe entire 
reorientation process. 
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‘enormous potential in architectural construction 
by BuckminsterFuller, who coined the tenn 
ensegrity” (26), and the concept was later pro- 


as a mechanical model for the cell 


7). Such lensegrity structures 


of stiff rods connected by soft springs 


the context of mechanics for their inherent 
memory and related potential as 3 
The HAIRS-I system is a realizati 
rity at the microscale, where the nanocolumns, 
(which a 
priori would just lead to a reduction of the gel 
layer thickness) into a lateral actuation (Fig. 1D). 


The movement x is controlled by the volume 


ators (28), 


n of tenseg 


redirect the tensile forces from the 


change of the gel and the length of the nano- 
columns, If vy and vy represent the volume of 
the gel i 1 
tively, then cos a 


nd sin a= x/h, 50 


that x val va)? With the dimen: 


hy 
sions typically used in this study, the lateral 


actua pe onder of x= 4t08 wm. A more 


raphy of the confini 


altemative (for exa 


ments of the array of nanocolumns, the use 


nanostructures of a different shape (such as 


blades), or a combination thereof allow for a 


variety of reversible patterned movements at the 


SRsene: 
20ne | FS AB OS OB AB : 


4, A and B), whieh might 
be technically exploited, such as in the context 
Of microfluidies or photonics (25) 

HAIRS.2 systems go beyond the concept of 
tensezrity, in the sense that the beams do not stay 
straight and cary compressive loads, but instead 
they bend (Fig. 1E), Typically, the stiflness of 
thin beams is much less in bending than in 
compression (assum 


micrometer scale (F 


that no buckling oc- 
curs), As a consequence, a large fraction of the 
deformation ener 


is stored in the bent columns, 
10 back to their straight shape 
when the tensile stresses from the gel are released 
upon rewett 


the amount by which each co! 
uumnn bends is a measure of the force exerted by 
the gel, This is in contrast to the HAIRS-1 sys 
tem, where the force developed by the gel has 
no direct influence on the structure after dry 

simple beam theory, we estimated 
the force fat which the bending of the silicon 

ns in the HAIRS-2 design occurs 
(figs. S4 and $5). 


ing. Usi 


This foree depends very 


‘on the aspect ratio. For an S-ym-high 
column with an aspect ratio of either 80, 40,20, 
‘or 10, the bending occurs at ~$0 nN, ~$00 nN, 

8 N, or 100 4N, respectively, Moreover, the 
strain atthe base cannot exceed the fracture strain 
of silicon, The consequence is that columns with 
a snall aspect ratio can only undergo relatively 


= J0um + 


Fig. 4. SEM and optical images showing highly controlled pattern formation in the HAIRS designs. 
Al the structures reversibly switch to the original vertical orientation of the nanocolumns upon 
rewetting. (A) Uniform orientation of the titled nanocolumns in the HAIRS-1 structure templated by 
the patterned confining surface that is bearing lines. The direction of the lines is indicated by an 
arrow, (B) Regular array of microflorets in the HAIRS-1 structure templated by the substrate 
bearing a honeycomb pattern. (C) An example of a complex HAIRS-2 pattern, showing an array of 
microtraps, in which every group of four attached nanocolumns is held together by the hydrogel. 


(D and E) Optical 


icrographs imaging microtraps shown in (C) in a dry (D) and a wet (E) state. The 


switching of the nanocolumns from bent fourfold clusters to a vertical orientation is clear. 
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small bending and then must break, whereas 
‘columns with an aspect ratio of 80 can fully bend 
to touch the surface without breaking. “An aspect 
ratio of at Ieast 20 is needed for sufficient 
bending of each beam to touch its neighbors to 
dobiain the structure shown in Fig. 4, C and D. 
‘This mechanical assessment makes it possible to 
design a hydrogel nanocolumns combination that 
‘enables a desired degree of directed actuation. 
We have developed hybrid architectures in 
which arrays of high-aspect-ratio silicon nano- 
columns, either attached or five-standing, are 
‘embedded into a hydrogel film and are actuated 
into highly controlled, complex microstructures 
tupon contraction and/or swelling of the polymer. 
The actuation is fast, reversible, reproducible, 
and robust. We believe that these architectures 
may lead 10 a variety of applications, incluxling 
actuators, controlled reversible-patter. forma 
tion, mictofluidies, reversible switching of the 
Wetting behavior, tunable photonic structures, 
artificial muscles, and release systems (25). 
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Electromechanical Resonators 
from Graphene Sheets 


J. Scott Bunch,? Arend M. van der Zande,* Scott S. Verbridge,? lan W. Frank,? 
David M. Tanenbaum,” Jeevak M. Parpia,? Harold G. Craighead,* Paul L. McEuen** 


Nanoelectromechanical systems were fabricated from single- and multilayer graphene sheets by 
mechanically exfoliating thin sheets from graphite over trenches in silicon oxide. Vibrations with 
fundamental resonant frequencies in the megahertz range are actuated either optically or 
electrically and detected optically by interferometry. We demonstrate room-temperature charge 
sensitivities down to 8 x 10™ electrons per root hertz. The thinnest resonator consists of a single 
suspended layer of atoms and represents the ultimate limit of two-dimensional 


nanoelectromechanical systems. 


Views promises to be as revolutionary in 

the coming decades as the miniaturization 
‘of electronic devices was in the previous ones. 
Devices ranging from nanoscale resonat 
switches, and valves have applications in. tasks 
as diverse as information processing, molecular 
‘manipulation, and sensing. The prototypical nanio- 
‘electromechanical system (NEMS) is a nanoscale 
resonator, a beam of material that vibrates. in 
response to an applied extemal force (7, 2). The 
uuhimate limit would be a resonator one atom 


Tae jon of eleetromechanical de 
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thick, but this puts severe constraints on the ma- 
terial As a single layer of atoms, it should be 
robust stiff and stable. 

Graphite consists of stacked layers of 
‘graphene sheets separated by 0.3 nm and held 
together by weak van der Waals forces (3). Ithas, 
extremely high strength, stiffness, and thermal 
‘conductivity along the basal plane, In addition, 
graphite can be exfoliated onto an insulating 
substrate. producing micron-sized graphene 
sheets with thicknesses down to a single atomic 
layer (4-8). Thus far, research on these thi 
graphene sheets has focused primarily on the 
cekectronic properties. We demonstrate a method 
of suspending single- and mukilayer graphene 
sheets over trenches and show that such shects 
ccan be mechanically actuated. This work also 
makes detailed study of the mechanical proper- 


ties of these graphene resonators, including 
resonance fiequency, spring constant, built-in 
tension, and quality factor 

Suspended graphene sheets are fabricated with 
a peeling process similar to that reported. provie 
cassly (5-7) nour as, the graphene sheets are 
chanially exfoliated over predefined tne 
itched into a SiO, surface (Fig, 1) (9). The result 
is a micron-scale doubly clamped beam or 
cantilever clamped to the SiO» surfiee by van 
der Waals attraction, Some devices have prepat- 
terned gold cloctrodes between the tnches 10 
make electrical contact (Fig, 1, A and Dy 

‘A noncontaet mode atomic force microscope 
(AFM) was used 10 quantitatively measure the 
thickness of the sheets on the substrate next tothe 
tucnch, as shown in the inset in Fig. 1D. However, 
for shovts thinner than 2 to 3 nm, such mea 
surements are unreliable (/0-12). For these we 
used spatially resolved Raman spectroscopy’ 10 
ddtermine the number of layers (Fig. 1C) (10-12). 
The graphene sheet in Fig. 1B has an AFM: 
etermined height of 0.9 nm, By comparison 
‘With previous results (70-12), the shape of the 
Raman peak near 2700 cm * suggests the sheet 
is two layers thick over the area lying on the 
SiOy substrate (Fig. 1C), whereas the section 
suspended over the trench isa single graphene 
layer. 

All resonator measurements are performed at 
room temperature and a pressure of <10°® torr 
unless otherwise indicated. The resonators are 
actuated by using cither electrical (Fig. 1A) or 
‘optical modulation. In the case of clectical 
modulation, a time-varying radio frequency (1) 
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Fig. 1. (A) Schemat- 
ic of a suspended 
‘graphene resonator. 
(B) An optical image 
of a double-layer 
‘graphene sheet that 
becomes a single 
suspended layer over 
the trench, Scale bar, 
2 jum. Each colored 
cirle corresponds to 
a point where a 
Raman spectrum was 
measured. (C) Raman 
signal from a scan on 
the graphene piece. 
Each colored scan is 
data taken at each of 
the matching colored 
cireles, The top scan 
is used as a relerence 
‘and corresponds to 
the Raman shift of 
bulk graphite. (D) 
‘An optical image of 
few-layer (4) gra- 
phene suspended 
over a trench and 
contacting a gold 


REPORTS. i 


Raman shitt (em) 


electrode. Scale bar, 1 um. (Inset) A line scan from tapping mode AFM corresponding to the dashed line in the optical image. It shows a step height of 1.5 nm, 
(€) A scanning electron microscope image of a few-layer (~2) graphene resonator. Scale bar, 1 ym. 
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Fig. 2. (A) Amplitude versus frequency for a 15-nm-thick multilayer graphene resonator taken with 
‘optical drive. (Inset) An optical image of the resonator. Scale bar, 5 ym. (B) Amplitude versus 
frequency taken with optical drive for the fundamental mode of the single-layer graphene 
resonator shown in Fig. 1B. A Lorentzian fit of the data is shown in red. 


Voltage 31%, at frequency fis superimposed on top 
‘of a constant voltage and applied to the graphene 
sheet. The result is an electrostatic forve between 
the suspended graphene sheet and the substrate 


Fa = 12 GSP 


GV, 


where Cy’ isthe derivative ofthe ate 
With respect o the distanee to the gate 
anid Var, respectively, the de and time-varying 
rf voltages applied to the gate (13). For optical 
actuation, the intensity ofa diode laser focused 
‘on the sheet is modulated at frequency /, 
causing a periodic contraction/expansion of 
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the layer that leads to motion. In both case 
the motion is detected by monitoring the 
fcctod light intensity from a second laser with a 
fast photodiode (9. 

Figure 2A shows the measured amplitude 
Versus frequency for a 1S-nm-thick sheet sus- 
pended over a Sim trench. Mukiple resonances 
are observed, the most prominent one atthe knw- 
cst frequency. We associate this dominant peak 
with the fundamental vibrational mode: its 
detected intensity is largest when the motion is 
in-phase across the entire suspended section. We 
Will limit our discussion primarily to this fun- 
damental mode. A fit to a Lorentzian yields a 
resonant frequency fg = 42 MHz and a quality 
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factor Q = 210, Figure 2B shows similar es 
forthe single-layer graphene resonator from Fig 
1B: = 70.8 MHz and Q= 78. Figure 3 shows 
the results of measurements Of 33 resonators with 
thicknesses varying from a single atomic layer to 
sheets 75 nm thick. The frequeney fo of the fu 
damental modes varies from | Mlzto 170 Miz, 
with quality factor Q of 20 t0 850. 

For mechanical resonators under tension 7, 
the fundamental resonance mode fis given by 


fo A (Ep 1 2P 
P0577 /p2w 


where £ is the Young's modulus; p is the 1 
density: 1, 1, and L are the dimensions of the 
suspended graphene sheet; and the el 
coctlicient, A, is 1.03 for doubly clamped 
and 0.162 for cantilevers (/4). In the 


mit of 
small tension, Eg. 2 predicts that the resonane 


frequency fp scales as 1/17, Figure 3A shows the 
resonant frequency of the fundamental mode for 
resonators with 1>7 nm as a function of 1? 
plotied as filled squares. Also plotied is the 
theoretical prediction, Eq, 2, in the limit of zero 
tension, for both cantilevers and beams, where 
‘we have used the known values for bulk graphite 
p= 2200 kein? and E~ 1.0 TPa (3), This is a 
valid comparison considering the extensive 
theoretical and experimental work that. shows 
the hasal plane of graphite to havea similar value 
for E as graphene and carbon nanotubes (3, 15) 
To account for possible errs in E, we plot 


4 


| REPORTS 


dashed lines that comespond to values oF E = 0.5 
TPa and 2 TPa. The data follow the predictions 
reasonably accurately, indicating that thicker 
resonators are in the bending-dominated limit 
with a modulus £ characteristic of the bulk 
material, This is among the highest modulus 
resonators to date, greater than 53 t0 170 GPa in 
12+ to 300+nm-thick Si cantilevers and simi to 
single-walled carbon nanotubes. and diamond 
NEMS (/3, 16, 17), In contrast to ultrathin Si 
cantilevers, the graphene resonators show no 
degradation in Young’s modulus with decreasing 
thickness (17) 

‘The resonant frequencies versus #1? for the 
resonators with ¢-< 7 nm are shown as open 
squares in Fig. 3A, The frequencies of these 
thinner resonators show more seatter, with the 
majority having resonant frequencies higher than 
predicted by bending alone. A likely explanation 
for this is that many of the resonators are under 
Tension, which inereases (see supporting online 
text) The tension likely results from the fabrica- 
tion process, where the friction between the 
graphite and the oxide surface during mechanical 
‘exfoliation stretches the graphene sheets across 
the tench, 


The single-layer graphene resonator shown in 
Fig. 1B illustrates the importance of tension in 
the thinnest resonators. It has a fundamental fre- 
‘quency fo ~ 70.5 MHz, much higher than the $4 
MI frequency expected for a tension-free beam 
with ¢= 0.3 nm, £= 1.1 jm, and w = 1.93 ym, 
From Eq. 2, this implics that the graphene 
resonator has a built-in tension of T= 13 aN 
From the expression AL/L = TEM), this corre- 
sponds toa strain of 22 » 10 

An important measure of any resonator is the 
normalized width of the resonance peak charac 
terized by the quality factor = fo/AY. A high O 
is essential for most applications because it in- 
«ereases the sensitivity of the resonator to extemal 
perturbation. A plot of the Q versus the thickness 
forall the graphene resonators (Fig. 3B) shows 
that there is no clear dependence of Q on 
thickness. This contrasts with results on thicker 
NEMS resonators fabricated from silicon (/8), 
The quality factors at rom temperature are lower 
than diamond NEMS (2500 10 3000) of similar 
olume and significantly lower than high-stress 
SisNg nanostrings (200,000), yet similar to those 
reported in single-walled carbon nanotubes (S040 
100) (/3, 16, 19), Preliminary studies on a 20- 
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Fig. 3. (A) A plot showing the frequency of the fundamental mode of all the doubly clamped 
beams and cantilevers versus t/. Cantilevers, triangles; doubly clamped beams with t > 7 nm, 
filled squares; doubly clamped beams with t <7 nm, open squares. All thicknesses are determined 


by AFM. The solid line is the theoretical prediction with no tension and 


1 TPa. The dashed lines 


correspond to E = 0.5 TPa and 2 TPa. (B) The quality factor of the fundamental mode versus 
thickness for all resonators measured. 


rnm-thick resonator found a dramatic inerease in 
Qwith decreasing temperature (= 100 at 300 K 
to Q = 1800 at 50 K), This suzests that hich 
‘operation of graphene resonators should be pos- 
sible at low temperatures 

Even when a resonator isnot being driven, it 
Will stil oscillate due to thermal excitation by a root 
mean square (RMS) amount vq = [kpT Kea" 
Where Keay ~ Meg Oh? = 0.73SLwapan? is the 
effective spring constant of the mode (2). An 
‘example is shown in Fig. 4A, where a S-nm-hick 
sonar with = 35.8 MHz and gg = 0.7 Nim 
fas a room-temperature thermal RMS motion 
of xq = 76 pm. For resonators for which the 
thermal vibrations can be measured, we use this 
thermal RMS motion to scale the measured 
photodetector voltage with resonator displace- 
‘ment (see supporting online text). Figure 4B 
shows such a rescaled plot of the displacement 
amplitude versus rf drive voltage. The resonator 
is linear up to displacements of 3 nm, or on the 
onder of is thickness, where nonlinearities aso- 
ciated with additional tension are known to set in 
2). This nonlinearity is characterized as a de- 
Viation from a linear increase in amplitude with 
driving foree and accompanied by a deerease in 


(Fig. 4B) 
‘Two applications of nanomechanical resona- 
tors are ultralow mass detection (see supporting 


online text) and ultrasensitive force detection, 
‘The ultimate limit on the Force sensitivity is set by 
the thermal fluctuations in the resonator: 


AF! |4 xeprbky TYQU|!? a) 


Foc the resonator in Fig. 4, this results in a force 
sensitivity of 0.9 N12". From Eg, 1, this cor. 
responds to a charge sensitivity of dQ! = dF/ 
dV, = 8 * 10 eltz®, where d is the 
distance between the graphene sheet and the 
ate electrodes. This is a high sensitivity: dem- 
‘onstrated at room temperature; at low temper- 
atures, with the onset of higher quality factors, it 
could rival thase of single-electron transistor 
celoctrometers (1 * 10° e/a" (20, 21). The high 
‘Young's modulus, extremely Jow mass, and lar 
surface area make these resonators ideally suite! 


5 100 ~~180 


x) 
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Fig. 4. (A) Noise power density versus frequency taken at 2 resolution bandwidth of 1 kHz. (Inset) An optical image of the resonator. The resonator has 
dimensions t = 5 nm, L = 2.7 um, and w=630 nm, Scale bar, 2 um. (B) Amplitude of resonance and quality factor versus 8V, for V, =2 V. (C) Expanded view of 


(B) for small Vy. 
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for use as mas, force, and change sensors (22-28), 
The application of graphene NEMS extends 
beyond just mechanical resonators. This robust 
conducting membrane can act as a nanoscale 
supporting structure or atomically thin membrane 
separating two disparate environments. 
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Improved Oxygen Reduction 
Activity on Pt3Ni(111) via Increased 
Surface Site Availability 


Voji 


lav R. Stamenkovic,*** Ben Fowler,” Bongjin Simon Mun,? Guofeng Wang,* 


Philip N. Ross,” Christopher A. Lucas,’ Nenad M. Markovi™* 


The slow rate of the oxygen reduction reaction (ORR) in the polymer electrolyte membrane fuel cell 
(PEMFC) is the main limitation for automotive applications. We demonstrated that the PtyNi(111) 
surface fs 10-fold more active for the ORR than the corresponding PA(111) surface and 90-fold 
more active than the current state-of-the-art PUC catalysts for PEMFC. The PtsNi(L11) surface has 
‘an unusual electronic structure (d-band center position) and arrangement of surface atoms in the 
near-surface region, Under operating conditions relevant to fuel cells, its near-surface layer 
‘exhibits a highly structured compositional oscillation in the outermost and third layers, which are 
Plsrich, and in the second atomic layer, which is Ni-rich. The weak interaction between the Pt 
surface atoms and nonreactive oxygenated species increases the number of active sites for 


0; adsorption. 


jgen reduction reaction (ORR), which 
have fed to three fundamental problems (/-3) 
irs, the substantial overpotential for the ORR 
(6-10) a practical operating current densities 
reduces the themal efficiency well below the 
thermodynamic limits, typically to about 43% 
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at 0.7 V [versus the theoretical thermal effic 
cy of 83% at the reversible potential for the 
ORR (1.23 V)]. Second. an approximately fiv 
{okt reduction of the amount of Pt (platinum: 
Joading) in current PEMFC stacks is needed 10 
meet the cost requirements for large-scale auto- 
motive applications (0). Finally, the dissolu- 
tion anxl/or loss of Pt surface area in the cathode 
must be greatly reduced, 

‘These limitations could be climinated if'stable 
cathode catalysts, with an order of magnitude 
increase in the specific activity over that of state- 
e-at PLC catalysts, can be developed (10). 
Inthe hope that a combination of different metals 
would have improved catalytic activity and sta- 
bility relative to those of a pure meta, the ORR 
has been studied on numerous bi- or multime- 
tallic alloys (6, 8, 11-17). These studies have led 
to incremental improvements to catalyst perform 


ance, but large increases in activity have yet 10 
be realized, 

Rather than use a triakand-error or combi- 
natorial approach, we have examined selected 
cathode materials with well-characteriaed.sur- 
faces s0 that the mechanism of action can be at- 
tributed to a specific property (atthe atomic and 
‘molecular level) of the surface under study. In 
this way, we can determine (i) whether the 
kinetics of the ORR are stnicture-sensitive, (i) 
the composition of the topmast surfice atomic 
layers (the segregation profile), and (ili) how 
alloying [usually described in terms of the lis 
sgand effect oriand ensemble effect (/8-20)] 
ahers the chemical properties of the surfic 
Similar approaches are commonly used in 
phase catalysis (27) under ultrahigh vacuum 
(UHV) and near-ambient conditions, but alloy 
surface chemistry on single-crystal surfaces at 
electrochemical interfaces is relatively unex 
plored. These aqueous interfaces are more com- 
plex in that they necessarily contain solvent and 
electronic ionic charge, and (experimentally) it 
is very challenging but still tractable to use in 
situ surface-sensitive methods to characterize 
potentiaFinduced changes in the surface prop- 
erties and reactivity 

We have used a combination of ex situ and in 
situ surfacesensitive probes and density. func 
tional theory (DFT) calculations to study the ORR 
con PuNithdl) singke-crystal surfaces, identify 
which surface propertics govern the variations 
in reactivity of PtNi catalysts, and determine how 
surfice structures, surface segregation, and inter- 
metallic bonding affect the ORR kinetics. Well- 
characterized PINi singk-crystal cectrode surfaces 
‘were formed and characterized with UHV methoas 
for surface preparation and surface analysis. These 
surfaces were transferred into the eleetrochem- 
ical environment without airbome contamina- 
tion, and the stability of the UHV-prepared 
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fe) 


surface was determined with a combination of 
in situ surface-sensitive probes with electrochem- 
ical methods so that activity relationships could be 
‘obtained in real time. 

The resulls of the preparation and charac- 
terization of PtyNi(ik!) alloy surfaces in UHV 
are summarized 


ig. 1, The surface-sensitive 
techniques that were used included low-energy 
clectron dilation (LEED), Auger electon spec- 
troscopy (AES), low-energy ion seatering (LEIS), 
and synehrotron-based high-resolution ultra 
Violet photoemission spectroscopy (UPS) (sce 
methods in the supporting online materia). Each 
‘of these methods has certain ada and 
they yield complementary information. The sur 
face symmetry obtained from LEED analysis 
shows that, whereas the PtyNi(I11) surface ex 
hibits (1 © 1) pattern (Fig. 1D) (i.e. that of the 
bulk termination), the atomically less dense 
PtyNi(100) surface shows a (1 5) reconstruction 
pattern (the so-called “hex” phase) in both the 
[011] and {01-1} dieections (Fig. 1E), Analysis 0 
the PANi(I10) LEED data (Fig. 1F) indicates th 
this surface may exhibit a mixture of (1 * 1) and 
(1 2)periodicities, the latter being known as the 


(12) missing-row structure (22) 


The composition of the outermost atomic 
ayer was obtained with LEIS, as previously 
shown for PtyNi polycrystalline alloys (15, 23) 
aftr ofall 
three PUNithdl) crystals is pure Pt (Fig. 1B) [i.e 
all form the so-called Pt-skin structures (77, 20)] 


4 final anneal, the surface atomic 


Previous studies of PLNi single-crystal surfaces in 
UHV had indicated that this surface enrichment 
of Pt in the first layer is counterbalanced by its 
depletion in the next two to three atomic layers, 
so that the concentration profile oscillates around 
the bulk value (24, 25). We demonstrated that 
segregation-driven near-surface compositional 
cs result in distinctive eksctronic properties 
of the PINi(iA! alloys. 

The surface electronic structures were ob- 
tained from the background-corrected UPS spec 
tra (26), As summanzed in Fig. 1C, the d-band 
density of states (DOS) is structure-sensitive, 
and the position of the d-band center sbifts from 

2.70 eVon PLNi(| 10) 10 -3.10 eVon PuNiC111) 
to -3.14 eV on PryNi(100), Furthennore, the 
DOS of the alloy surfaces is quite different from 
that of corresponding pure Pt single crystals; that 
is, on the (110), (100), and (111) alloy surfaces, 
the d-band center is downshifted by about 0.16, 
(0.24, and 0.34 eV, respectively, An important yet 


angely unexplored issue in surface elcctrochem- 
istry on alloys is understa 
tion energies correlate with the average ener 
‘of the d-state on the surface atoms to which the 
adsorbate binds (i, the ligand effect). To do thi 
we compared the results on the 
with the sune composition and 
different db 


how chemisomp- 


111) surfaces 
agement of 


nd center 


surface atoms but with a 
position, Although we are highlighting how 
the difference between the electronic sur 


structures of PUI11) and PLyNi(I11) can affect 


Fig. 2. Surface characterization of 
the PtsN single crystals in UHV and 
electrochemical environments. (A) 
AES spectra, (B) LEIS spectra. Ep 
where E is energy of scattered 
electrons, and Ey the energy of 
the incident ion beam. (C) UPS 
spectra, (D to F) LEED patterns with 
corresponding ball models. (G to 
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the adsorption of spectator species and the ki- 
netics of the ORR, the findings are generally 
applicable to other sing! 

We next determined the stability of a surfiuce 


wochem- 
ment, Surface x-ray scattering (SXS) 
i 


near-surface 


was used to characterize both the poten 
range of stability as well as th 
compesition of the alloy in situ, Only results for 
PuNi(111) are presented because they provide 
the most useful information about the potential- 
induced changes in the surface structure and 


segregation profile; a brief description of results 
for (110) and (100) can be found in (27). The 
termination of the PtyNi(11 1) lattice at the surface 
in terms of elemental composition and surface 
ation was determined by measurement and 
analysis of the erystal truncation rods (CTRs) 
28), PtyNi( 11) has the face-centered cubic (fee) 
‘occupation of sites by PLand 


Ni, and this lattice gives rise to SXS similar to 
that obtained from a monocrystalline fee lattice, 
Sensitivity 10 atomic layer competion is en- 


hanced by the use of anom 
techniques in which the incident + 


ed to an atomic adsorption edge of the ma- 
terial (29). Thus, from SXS, we obtained 
mation about the positions and compositions, 
both ayers. The 
CTR analysis shows that, at 0.05 V, the first layer 
is composed entirely 0 
‘ond atomic layer is Nitich (52 


the surface and subsurfice 


Prand, whereas the sec- 
of Ni as come 
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pared to 25% of Niin the bulk}, the third lay 
again Ptenriched (87%) (Fig. 2A). Having 
determined the nearsurfice structure at 003 V 
the potential was eycled while the seattered x-ray 
intensity was measured at a CTR position that i 
sensitive to surface relaxation and surface rough- 
ness (Fig. 2A), We find that both the PtyNi( 111) 
surface structure as well as the segregation pro- 
file are completely stable over this potential range 
¢ the changes in the X-ray scattering 
¢ fully reversible, and we find that the 
‘decrease in intensity at positive potential is con- 
sistent with an inwand relaxation (contraction) 
‘of the surface atomic layer (this result is con- 
firmed by similar measurements at other recip- 
rocal lattice positions). The contraction of PL 
surlice atoms is induced by the adsomtion of 
‘oxygenated species, which is detemnined by the 
Ni-induced modification of the Ptkin electronic 
structure. A direct consequence of contraction 
‘of the topmost layer of Pr-skin at the potentials 
higher than 0.8 V is the inereased stability of 


Fig. 2. Insitu character- 
ization of the PINAL) 
surface in HCIOg (0.1 1) 
at 333K. (AY SXS data 
and_(A’) concentration 
profile revealed from SXS 
measurements. at. %, 
atomic Yo, (B) Cyclic vol 
tammetsy in designated 
potential region (red curve) 
as compared to the vol- 
tammetry obtained from 
Pe) surface (blue 
curve), (© Surface cove 
‘erage calculated from cy- 
clic voltammograms of 
PUNi(111) (red curve) 
‘and PALL) (blue curve); 
polarization curves. ob- 
tained from rotating ring 
«disk electrode (RRDE) mea~ 
surements. Coss surface 
coverage by adsorbed 
spectator oxygenated spe- 
ies, (D) Green scale re- 
fersto hydrogen peroxide 
production in designated 
potential region and (E) 
ORR currents measured 
‘on PAyNi(1LD (red curve), 
PALLD (blue curve), and 
polycrystalline Pt (gray 
curve) surfaces. The ar- 
rows are showing the 
positive potential shift 
‘of 100 mi in electrode 
half-potential (AE2) be- 
tween ORR polarization 
‘curves measured on Pt- 
poly and. PtsNi(112) 
surfaces. IM, and Il rep 
Fesent. potential region 


09 


02 


this surface over corresponding pure Pi(111), 
Which was additionally confinned by prolonged 
cycling in the designated potential range. 

The relations between the surface electronic 
properties and the potentiakdependent surface 
coverage by adsorbing species (the adsomtion 
isotherms in Fig. 2C) were established by com- 
paring the experimentally determined position of 
the d-band centers to the fractional coverages of 
adsorbed hydrogen (HI” © €°= Hyg Wher Hyg 
refers 10 the underpotentially deposited hyd 
igen) between 008 < E< 04 V, where E is the 
applied potential, and hydroxyl species (21,0 
Oly + 140" © & whore Ols is the adsorbed 
hydroxyl layer) above 0.6 V (Fig. 2C). Careful 
inspection of the voltammograms in Fig. 2B 
revealed that on PY(111}-skin, which consists of 
the same surface density of Pt atoms as PU(LI), a 
dramatic negative shift (=0.13-V) in Map 
formation and positive shift (0.1 V) in Og 
formation occurred relative to PY(111), In agree 
iment with the onset of adsorption, on PtyNiI11), 


E[V] vs. RHE 


04 08 
E [V]vs. RHE 


10 


‘of Hapa adsorption/desorption processes, double-layer region, and region of OH layer formation, 


respectively. 
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the fractional coverages by Hap and OHag 
(rug and Oona) were dramatically reduced 
by 50% relative to PULL), which is in agree- 
‘ment with the lange downshift (0.34 eV) of the 
de-band center position on the Pt-skin structure 
As shown in Fig. 1, H and |, similar changes 
occurred for the other two single-crystal 
surfaces, On the Pi(100}skin, Oj4aga Was reduced 
by =15% relative to PY100), and Oona Was 
reduced by =25% On PLNi(110), small but 
clearly discemable decreases in. Ojtypg (=10%) 
and the factional coverage by Ollyy ou) 
(207%) were observed relative to PA(110), 

To deseribe these effects quantitatively, we 
perfonned DFT calculations, using pseudopoten- 
tials anda plane-wave basis set, on the adsorption 
of OH and 11,0 at 0.25 monolayer coverage on 
modeled Pi(111) surfaces, with sccond atomic 
layers containing O or $0% Ni atoms, In acid 
solutions, Oly would react with Hand form 
HO on the catalyst surface. The change in the 
reversible potential AU" of the above reaction on 
PALL) resulting from sublayer Ni atomns is 


AU’ = Esa (OH)py ~ Eat (OH) 


Ex (thO)n + Eas (H2O)ppa]/F (1) 


Here, Fai (OM)pys Eats H2O)pys Eat OW) ye 
(1130 )pgg, are the adsorption energies of 
(Of and H3O on PA(11) with or without sublayer 
Ni atoms, respectively, and F is the Faraday 
constant. The DFT calculations show a positive 
shift of AU” = 0.10 V when the sublayer has 
$0% Niatoms. The experiment and theory thus 
reach an excelent and quantitative agreement 
this case and clearly establish an electronic 
effect of subsurface Ni on the PLON chemical 
bonding 
‘The ORR is a multielectron reaction (302 + 
2H © 2e- © HO) that may include a number of 
lementary steps involving different reaction in- 
termediate (7, 30). We proposed that the rate of 
the ORR can be expressed as 


4 = nF Keo,(\~ Qaa)*exp( BFE/RT) 


exp(-BAGas/RT) (2) 


Where jis the measured current: 1, F K, Eo, 
[B, y. and R are constants [(3); for definitions, see 
(3D) 5 eo, is the concentration of Oy in the s0- 
lution, Ogg is the total surface coverage by ad- 
sorbed spectator species {hydroxyl and anions; 
for example, Olly (on) and specifically 
adsorbed anions (Oauq)): AGaa is the Gibbs 
energy of adsorption of reactive intermediates, 
and Tis temperature. In the derivation of Eg, 2 
is assumed that (i) the ORR takes place on eh 
trodes that are modified by Olay. anions, ete, 
and (i) the reactive intermediates (Ox-and 10s) 
are adsorbed to low coverage (i.e, they are not 
a substantial part of O,a). 
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Based on these assumptions, the kinetics of 


(02 reduction are determined by the number of 


fie Pt sites available for the adsorption of O2 
(the | - O,gterm in Eq.2) and by the AGag of O2 
‘nl reaction intermediates (he Gag tem in Eg, 2) 
‘on metal surfices precovered by OFlyy We used 
this reaction pathway and rate expression first 
to analyze the effects of electronic properties 
‘on the kinetics of the ORR on PtyNi(L11) and 
Pu111) and then, by comparing activities on 
different PiyNithk”) surfaces, to establish struc- 
ture sensitivity 

‘A characteristic set of polarization curves 
{the relation of / versus £) for the ORR on Pt- 
poly, PUI), and PryNi(1 11) suriaces it HCI, 

M) at 333 K is summarized in Fig. 2D. For 
all three surfaces, the polarization curves exhibit 
‘hwo distinguishable potential regions. By starting 
at 005 Vand scanning the elcetrade potential 
well-defined diffusion-fimiting cur- 
rots from 0.2 t0 0.7 Vare followed by a mixed 
kinetic-ditfusion contro region between 0.8 
E10, Further inspection of Fig. 2D reveals 
that the ORR kinetic is accelerated on the PAL} 
skin relative to PA(1L1), causing the positive shift 
‘of 100 mV in the half-wave potential. Given that 
orug is attenuated on the Peskin structure, the 
key parameter that determines the unusually 
catalytic activity of PENICLLL) isthe low cover 
age by Ot ag [ie., the (1 ~ ovag) term in the 
kinetic equation for the ORR}. Additional con- 
fitmation thatthe factional coverages by specta- 
torspecies are indeed controlling the kinetics of 
the ORR was found by analyzing the results in 
the potential region where the adsorption of 
hydrogen is taking place (£ =< 0.2 V), Because 


of the lower coverage by Hugs. the production 
of peroxide is substantially attenuated on the 
Peskin surface. At the fuel cell relevant potentials 
(E> 08 V) the observed catalytic activity forthe 
ORR on PUsNi(111) is the highest that has ever 
‘been observed on cathode catalysts, including the 
PryNi(100) and PryNi(110) surfaces. 

Synergy between surface geometry and sur 
face electronic structure forthe ORR is illustrated 
in Fig. 3. As summarized, the different low-index 
surfaces have markedly different activity for this 
reaction [that is, PryNi(100)skin < PINi( 110} 
skin <<< PuNi(11 skin, with the change in 
activity between the least active (100) and the 
most active (111) surfaces being greater than an 
‘order of magnitude], Structure sensitivity of the 
ORR on the Pt low-index single-crystal surfaces 
in perchloric acid has been well established (3 
\With activities inereasing in the order Px 100) < 
Pu 111) = Pu 110) (Fig. 3). These differences have 
‘been attributed to the structuresensitive adsomp- 
tion of Oly on PuAk/) and its inhibiting (site 
blocking) effect on O, adsorption. nthe potential 
region of OH adsorption, the structure sensitivity 
fof the PuNik/)skin surfaces has the san 


In onder to reveal the role of the electronic 
structure onto ORR kinetic, we compared elee- 
trodes with the same surface morphology. The 
most pronounced effect was observed on the 
(LI) surfaces. For the same pl * 1) arrange- 

ent of the topmost layer, the same surface 
atomic density. and the same surf 
Position (100% Pt) but fora different electronic 
structure (Ady) ~ 0.34 eV, where ‘Adaan’ is 
the d-band center shift), the ORR is: being 


¢ com 


PLNI(I11) PL(111) 


-3.10 | -276 


Fig. 3. Influence of the surface morphology and electronic surface properties on the kinetics of 
‘ORR. RRDE measurements for ORR in HClO, (0.1 M) at 333 K with 1600 revolutions per minute on 
PIyNiWhkd) surfaces as compared to the corresponding Pt(hkl) surfaces (a horizontal dashed gray 
line marks specific activity of polycrystalline Pt) are shown. Specific activity is given as a kinetic 
‘current density j,, measured at 0.9 V versus RHE. Values of d-band center position obtained from UPS 
spectra are listed for each surface morphology and compared between corresponding PtsNilhk/) 


and Pt(nkl) surfaces. 
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enhanced by factor of 10 on PUCLIT}skin rel 
ative to that on PX(111). Given that extended PL 
surfaces have 5 to 10 times the activity per sur- 
face Pt atoms than the state-of-the-art PUC 
catalysts that are curently used in the PEMFC 
0.2 mA/em at 0.9 V) (10, 14), a total 90-fokd 
‘enhancement of Pi(L11)-skin versus that of PUC 
has been achieved. 

Considering that the PtyNi(IL1)-skin surface 
exhibits the highest catalytic activity that has ever 
boen detected, the challenge would be to create a 
minocatalyst with electronic and momphologi 
‘Properties that mimic the PtsNi( 111) surfice, There- 
fore in the future, a way to reduce the current 
value (~1.0g of Pt per kW) of Ptspecific power 
density ina PEMFC without a loss in cell 
while also, msiniaining the maximum 
power demmity (Wient?), would be the engineering 
of PGNi( 11) -skin ike nanocatalysts, 
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Water Catalysis of a Radical-Molecule 
Gas-Phase Reaction 


E, Vohringer-Martinez,? B. Hansmann,? H. Hernandez,” J. S. Francisco? }. Troe,? B. Abel" 


There has been considerable speculation about the role of water and water complexes in chemical 
‘gas-phase reactions, including the conjecture that water may act as a molecular catalyst through 
its ability to form hydrogen bonds. Here, we present kinetic studies in which the effect of water 
‘on the rate ofthe reaction between hydroxyl radicals and acetaldehyde has been measured directly 
in Laval nozzle expansions at low temperatures. An increasing enhancement of the reaction rate by 
added water was found with decreasing temperatures between 300 and 60 kelvin. Quantum 
chemical calculations and statistical rate theory support our conclusions that this observation is 
due to the reduction of an intrinsic reaction barrier caused by specific water aggregation. The 


results suggest that even single water molecules can act as catalysts 


rater introduces many unusual fea 
tures into the kinetics and energetics 
chemical and biological reaction 


systems, which are difficult to rationalize on a 
molecular level (/, 2), Beyond the well-known 
properties of bulk water, there is evidence that 
‘event single confined water molecules in molec 
ular aggregates may have a decisive influencs 
‘on gas phase chemistry (3), An intriguing ques- 
tion és whether water molecules ean even act as 
tive catalysts in chemical reactions, for example. 
through their ability to form hydrogen bonds. A 
number of molecule-water complexes have evi- 
enced photochemistry distinct from that of the 
isolated molecules (4). Complexes of water with 
‘ozone (5), sulfuric acid (6), nitric acid (7), ni- 
trous oxide (8), and chlorine dioxide (9-17) are 
examples of water aggregates that may be im 
portant in atmospheric photochemistry 

Beyond its ability to influence photochem- 
istry, water is known to form complexes with 
ative species such as radicals and polar moke- 
‘cules in thermal reactions (4, /2, 13), and such 
‘complexation may alter intrinsic reaction bar 
riers in bimolecular reactions. In addition, the 
radical-complex mechanism (/4) is well known 
to have a characteristic impact on recombination 
processes, which could be enhanced by water 
molecules. Last, water may act as a particularly 


*insttut {Gr Phystalische Chemie der Univestt Gatingen, 
Tammannstrase 6, 37077 Gitingen, Germany. ‘Department 
(of Chemisty and Department of Earth and. Atmospheric 
‘Sciences Purdue University, West Lafayette, IN 47907-2084, 
Us 


‘To whom correspondence should be addresved. Email: 
babel @gndg de 


www.sciencemag.org 


-al-molecule reactions. 


«efficient collision partner to collisionally stabilize 
intermediates of such reactions. Unfortunately, 
all these effects (hereafier referred to as the 
catalysis, the radical-complex, and the energy 
transfer mechanisms) may influence overall 
reaction yiekls and rates in bimolecular reactions 
(4) and are often difficult 1 distinguish, 

For example, there is experimental (/5) and 
theoretical (4) evidence that the hydroperoxy 
radical (1103) forms a hydrogen-bonded com- 
plex with a water molecule, which has the po- 
tential to affect the kinetics of HO3 reactions. 
Along these fines, the rate constant forthe se 
reaction of HO} to yield H)03 and O3. which 
proceeds via.a long-lived intermediate, is some- 
‘what faster in the presence of water than in its 
absence (4, 16, 17). \ similar effect has been 
observed for the reaction of hydroperoxy rad- 
icals with nitrogen dioxide in the presence of 
water (/8). However, the origin of the doe 
mented impact of water on the kinetics in ge 
eral remains unclear. Although “prereaction’ 
complexes of water in chemical reactions have 
‘been suggested in the past (/6), a conchisive 
mechanism and a detailed kinetic analysis of 
the systems were not given. The general prob- 
lem for an understanding of such kinetic sys- 
tems is that they depend upon temperatut 
‘pressure, and specific moleculir parameters and 
80 require a detailed kinetic analysis using re- 
action rate theory and high-level quantum 
chemistry (14). 

Following up on a long-standing conjecture 
that even singh: or few water molecules may 
alter energetics in general and reaction barriers 
in particular or favor reaction sites, the goal of 


this study was to inves 
areal catalyst in chemical gas-phase reactions 
potentially relevant for atmospheric ehen 
and, in particular, to provide a elear example 
for a water-catalyzed radica-molecule reac 
tion. The fast H-atom abstraction reaction of 
OT with acetaldehyde proved to be a good 
system for studying the effect of water aggre- 
gation on the kinetics. The reaction does not 
involve long-Hived, strongly bound intermediates 
such as those found in other complex-forming 
bimolecular reactions, for example, in the re 
action of OH with CO. proceeding via HOCO 
complexes (14. 

Recent experimental and theoretical work 
has provided evidence for the assumption that 
the reaction proceeds predominantly through 
abstraction of the aldehydic hydrogen atom 
(19-22), The addition of the OH radical to the 
double bond docs not take place because its 
activation energy is much larger than that for 
hydrogen abstraction (23, 24), In addition, the 
aldehydic hydrogen atom has a relatively small 
binding enensy compared with that of hyde 
gen atoms in the methyl group. A prereactive 
complex CHyCHOmHO has been postulated 
bby D’Anna eral, (24)and Alvarez-Idaboy eral 
(23), and its binding energy was estimated to be 

18 kJ mol". Although transient prereactive 
complexes have not been directly characterized 
experimentally, their presence has been identified 
indirectly in several radical-molecule reactions 
and associated with a negative temperature 
dependence of the reaction mate (25, 26). Nielsen 
and co-workers calculated barriers (relative to 
the reactant energy) to aldehydic H abstrac 
tion, methyl H abstraction, and OH addition to 
the carbonyl bond of -14.2 KJ mot!, 12.1 kd 
mof ', and 30.9 kJ mot ', respectively (24). A 
negative temperature dependence of the reac- 
tion rate at higher temperatures has also been 


reported (22) without a theoretical analysis of 


the effect. 

We measured rates and rate constants for the 
OH = CHCHO reaction in the presence and 
absence of water vapor by using a pulsed Laval 
nazzle expansion (25, 27) (Fig. LA), The reac 
tion was followed by laser-induced fluorescence 
(LIF) to monitor the decay of OH radical con- 
centration, The rate constants were determined 
over a temperature range of $8 to 300 K. The 
decay profiles can be fitted well by an exponen- 
tial time law (Fig. 1B). Plots of pseudo-firstander 
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rate constants versus acetaldehyde concentra- 
tions (in nitrogen baller gis) at a constant total 
density yield the second-order rate constants. 
‘Two experiments are shown for a temperature 
(1) of 77 K with and without added water 
Vapor (Fig. 1C), From the slopes of the plots, 
rate constants of 4,6» 10" ent-molecule ss? 
and 9.0 = 10" en’molecule st were deter 
mined. Several experiments were averaged fora 
particular temperature (27). Averaged second- 
‘onder rate constants of the reaction of OH with 
acetaldchyde alone and in the presence of water 
‘vapor at temperatures between 300 K and 60K 
are shown in Fig. 2 

Deviation of the plot format in Fig. 2 from 
«normal Arrhenius-type plot (log & versus 1/7) 
somewhat arbitrary, and there is no reason 
to expect a linearization of the data. Neverthe= 
less, the chosen plot is often used in cases 
‘where bimolecular rate constants inerease with 
decreasing temperature. The origin of the so- 
called negative temperature dependence de- 
pends strongly on the molecular system. As 
‘shown below, one reason for the effect may be 
a “reet™type barrier below the energy of the 
reactants in the entrance channel ofthe reaction, 
As oppased toa much larger barrier in other 
ceases that would yield the typical Arthenius 
behavior, 

"The water content of the beam was measured 
With off-line inffared spectroscopy and de 
tnvined to be “3%. The shaded area between the 


A 


Fig. 1. (A) Laval nozzle expansion apparatus used here. po represents the 
pressure in front of the Laval nozzle; V1 and V2, valves feeding the nozzle 
reservoir; F, fluorescence; L, lens system for the collection of fluorescence: 
1M, mirrors; and PAT, photomultiplier. (B) LIF profiles of OH in the reaction 
between acetaldehyde and OH radicals (T = 77 K. ux = 85 x 10 
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dashed lines connecting the data points marks 
the difference between the two data sets and 
illustrates the effect of added water. Experi- 
ments of the reaction without added water in 
the range between $00 and 200 K measured by 
Crowley et al. (22)and Michael et af. (19) are 
shown and compared with our dats point at 
We signif 
icantly extended the temperature range and 
confirmed the negative dependence on tem 
perature of the reaction rate down to $8 K. In 
addition, small amounts of added water ai 
celerated the reaction (Fig. 2). Although the 
effect is small at 300 K, it becomes prominent 
at lower temperatures. The effect also depends 
‘on the water content of the butler gas. If the 
concentration of water is significantly below 
3%, no significant acceleration is seen. On 
the other hand, a water content of more than 
8% increases aggregation in such a way that 
the intensity of the OH signal is significantly 
reduced, and the reaction becomes difficult 10 
measure because of an overall quenching of 
LIF. From the dependence of the reaction rate 

n water and acetaldchyde concentrations and 
the density range in which we find a Tinearity 
fof the rate versus reactant and water con- 
centrations, as well as the experimental ob- 
servation that larger clusters (acetaldehyde 
and acetaldchyde-water) are much less rea 
tive, tending to deerease the actual reactant 
‘concentration (and in turn the rate constant), the 


experiments suggest that small acetaldehyde- 
water clusters as reactants are responsible for 
the observed effect. 

We note that we did not measure “pure” rate 
constants, Instead, the observed temperatu 
dependent rate constant A(T’) in the presence of 
‘water is the sum of two contributions from the 
tunclustered and clustered species, respectively 
Both fractions fo and faggr are associated with 
their rate constants ky and Kaggr This situa 
can be symbolically expressed by 


AT) = foko* Saas Koger 


In onder to rationalize the effect of 
‘water clusters on the reaction rate, we performed 
quantum chemical calculations [coupled-cluster 
with single and double and perturbative triple 
excitations, CCSD(T)] to elucidate the ener- 
getics and structure of the intermediate species 
of the reaction (Fig, 3). Because the accel- 
eration effect has been seen only for small wae 
ter concentrations, we posited a significant rate 
of single water molecules in complexes with 
acetaldehyde. For comparison, calculations 
‘were also carried out for the reaction without 
water, We refer to two kinds of complex: the 
hydrogen-bonded one between acctaldchyde 
and water, which acts as a reagent (with OF) 
in the experiments with 130 present, and the 
transient prereaction complexes for the OH 


ToT 
2%0 05 10 15 20 25 


ICH, CHO}... (10° molecule om?) 


molecule cm, Padenyte = 1.6 x 10™ molecule cm, pon = 1.5 x 10 
molecule cm). (C) Pseudo-first-order rate constants k as a function of 
acetaldehyde concentration (buffer gas Na. 
molecule cm”*). Circles, reaction without water; squares, reaction with 
water (single experiments) 


T=77 K = 85 x 10 
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plus CHsCHO reaction and for the reaction 
between OH and CH;CHO--H30 hydrogen- 
bonded complexes. Optimized structures for 
complexes and transition states with and 
Without water are shown in Fig. 4. Calculated 
structures for the prereaction complex (Fig. 
4A) and the transition state (Fig. 4B) in the 
absence of water are in agreement with pre 
vious work (24). 

According to quantum chemical calculations 
(Fig, 3A), the H-abstraction reaction is governed 
by a shallow well and a small barrier separating 
the prencaction complex and the products (H:0 
and CHsCO), The barrier considered here may 
be described as a submerged barrier oF reet on 
the path of minimum energy of the reaction, one 
‘whose energy maximum lies below the asymp- 
totic reagent energy but above the earlier en- 
‘ergy minimum associated with the prereaction 
‘complex. This situation corresponds to a loose 
entrance: rigid exit complex-forming bimo- 


lecular reaction, as characterized in (/4), with, 
an overall rate constant expressed as 


ue Kore AN hygc are specific rate constants 
(27) and depend upon the energy and the angular 
momentum of the intermediate complex. Specif= 
ic rate constants Key and Aig. Were calculated 
first as a function of energy and the angular 
momentum. A. simplified statistical adiabatic 
channel model (/4) was applied by using 
‘energies and calculated vibrational frequencies 
of the reactants, the precomplex, and the transi- 
tion state from our quantum chemistry caleu- 
lations. The detemined rite constants at the 
‘energies relevant for the temperatures of this 
experiment showed that fifetimes of the com 
‘plexes are inthe lower picoscoond range because 


50 100 


1 
TK) 


Fig, 2. Rate constants k for the reaction OH + CHyCHO (H0) ~ 2 H,0 + CHyCO: measured here 
with Golid circles) and without (solid diamonds) added water. (Inset) Data from (22) (open 
squares), (19) (open circles), and this work (solid square) for the reaction without water. Solid line 


indicates simplified SACM calculation. 


Fig. 3. Relative energies for 
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of the shallow potential well. A comparison of 
the sum of Kiya Ata With Lennard-Jones 
collision frequencies for acetakchyde-Nz colli- 
sions unambiguously showed that the inter- 
mediate, even up to pressures of 1 bar, cannot 
be collisionally stabilized and that the reaction is 
in its low-pressure limit, These findings explain 
‘why no pressure dependence has been found for 
this reaction (22), 

One could argue that the situation changes 
‘when water replaces nitrogen as a collision part- 
net. Although the collision frequency for water 
is about 10 times that for nitogen (28), the aver- 
‘energy transferred in a collision is about $ 
times lager (28) for water coll 
‘water diluted to about 3% innitroge 
be more efficient than nitrogen alone in stabiliz~ 
ing the reaction complexes. The lat 
transfer efficiency of water relative to the 
gen buffer gas is compensated by its small con- 
centration in the system and thus cannot be 
responsible for the observed enhancement of the 
reaction rate. 

We have also used statistical unimolecular 
rate theory (27) to calculate the overall thermal 
c constant as a function of temperature (14) 
Results from the calculation for the overall re 
action without added water explicitly 100k into 
‘account the energy and the angular momentum 
dependence of the rate constants for the forma 
tion of the prereaction comple, as well as the 
on between forward reaction over the 
backward dissociation according 10 
the formalism given in (/4)(Fig, 2), The observed 
negative temperature dependence was well re 
‘produced, confirming the presence ofthe preteac- 
‘tion complex. The observed negative temperature 
dependence can be rationalized in terms of the 
different enengy and angukir momentum depen 
ences of the specific rate constants Asya 
vas, of the intermediate complex and the re 
sulting vib nel svteh- 
ings (/4), This result shows th ype 
barrier and the corresponding ta 
‘be rate-determining despite their poten 
Iying below the energy of the reagents 

Our quantum chemical calcu 
light on the origin of water’s accelerating effect 


CH CHO + H,0 + 0H 


the reaction in the absence 
(A) and the presence (B) of 


water. The energies are cal- 4 
‘ulated at the CCSD level, 
of theory with the conelation 3 ~20.0 
consistent polarized triple: 
zeta (cpVi2) basset. Bagg 
: ~40.0 
3 -s00 
147 


i 
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‘on this H-atom abstraction reaction, First, we 
calculated energies and structures for the reac- 
tion in the absence of water(Figs. 3nd 4, A and 
B). The 8 k mot barrier, ic. the difference in 
‘energy between the prereaction complex (struc 
ture 4A) and the transition state (structure 4B), is 
consistent with previous results (24). Next, we 
‘optimized the geometries of prospective 1:1 
Water-tcetaldchyde complexes and found wo 
nearly isoenergetic structures, with water top- 
bound in one (Fig. 4C) and side-bound in the 
‘other (Fig. 4D). The top-bound cluster reacts 
with OH via a transition state (TS) similar in 
‘energy to that calculated for the naked acetalde- 
hyde, with no significant impact on the reaction 
barrier. In contrast, the side-bound species can 
form aeyelie prereaction complex with OH ata 
substantially lower energy (Fig. 4E), leading 
also to a substantial reduction of the energy of 
the TS (Fig, 4F) and thus the barrier of the 
reaction, Quantum chemical calculations at the 
CCSD(T) level of theory that include zero- 
point energy correction yield an 8 kJ mot" 
barrier separating the prereaction complex 
from the TS in the absence of water, but only 
40,6 kJ mot" barrier involving the side-bound 
acetaldehyde-water complex. Thus, the calcu- 
lations show that even a single water molecule 
‘ean aecelerate the reaction by significant bar- 
Fier lowering. 

It the water enhancement of the reaction rate 
is duc to a lowering or even a removal of the 
intrinsic reaction bartier ofthe preteaction water 
‘compleyes, Eq. 2 helps in understanding tha this, 
effect in turn increases the rate constant Kes {OF 
the forward reaction while lowering Aug, de 10 
the larger number of molecular degrees of 
fivedom of the complex (Fig, 4), In the exireme, 
this effect could increase the overall rate constant 
for clustered reactants to the association-fimited 


Fig. 4. Calculated struc 
tures (Ato F) of reactant 
complexes, prereaction 
ccomperes, and tansition 
states, Structures (bond 
lengths in A) are at char 
acteristic points along 
the reaction coordinates 
(Fig. 3) using the MP2 
level of theory with the 
aug:<cpVDZ basis set. 
(A) and (B) are the pre- 
reaction complex and 
the transition state with- 
‘out water, respectively. c 
(Q and (0) are prospec 

tive water-acetaldehyde 
clusters from which (D) 

was identified to be rel- 
evant for the reaction. 
(Bis the prereaction © ; 
comples, and (F) is the 
transition state for the 
reaction in the presence 
of water. 
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Value, k= kee. corresponding to the maximal 
observable catalytic effect. 

As noted above and expressed in Eq. 1. the 
measured femperature-dependent rate constant 
A(T) in the presence of water is the sum of two 
contributions, namely, from the clustered and 
unclustered species. ky is given by the red line 
in Fig. 2, whereas fyggr because of the near 
absence of an intrinsic barrier, is expected to 
be close 10 fyge and therefore only weakly 
temperature-dependent. The marked negative 
temperature dependence of A(T) in the presence 
of water is therefore attributed 10 that of fagr 
and not of hag For temperatures close 10 300 K. 
the degive of clustering fag is small, and the 
reaction is not much enhanced. With decreasing 
temperature, the degree of clustering faggr in 
creases, which increases the rate, Together with 
the energetics of the reaction, thus, Jaggr Controls 
the catalytic effect. 

From the argumentation above, an important 
‘quantity isthe concentration of CHyCHO11,0 
hydrogen-bonded complexes in the experiments 
Where ~3% of 1,0 is present in the gas mix- 
tures, Unfortunately, this quantity cannot be 
measured nor easily calculated, because it ms 
«depend upon the kinetics of the CHsCHO * 130 
complexing process. Estimations of fag from 
‘equilibrium constants and equilibrium concen- 
trations for the 1:1 complexes (which are an 
upper lim actual concentration) usin 
‘our ab initio data show that the temperature 
dependence of the rate constant qualitatively 
cortelates With foggy for 1:1 complexes and that 
Jager MAY apOACH unity for temperatures well 
below 100 K. 

Aithough the kinetic data and our quantum 
chemical calculations strongly suggest that the 
rate enhancement is due to specifi water clusters 
and that even single water molecules may lower 


A 


reaction bariers, the question about the role of 
larger clusters arises. At the lowest temperatures 
in principle, larger clusters such as clusters of 
acetaldchyde and larger water-acetaldchyde 
complexes may also exist to some extent. A 
significant impact of acetaldehyde clusters can be 
more or less excluded, because this: manifests 
itself in a pronounced curvature of plots lke those 
in Fig. 1B. Ourexperience is that larger clustering 
of the reactants obviously decreases the active 
rwactant concentration, The same argumentation 
holds for acctaldchyde-watcr clusters; larger 
clusters will ao decrease the effective reactant 
concentration, In general, working in concenta- 
tion and density regions, where a linear depen- 
dence of the rite constant as a function of 
concentration is observed, avoids these compli 
tions. It salso known that water forts complexes 
With the hydroxyl radical and pure water clusters 
In the present experiment, however, we Were not 
sensitive t these types of complexation, because 
the rate constants were reconded for constant OH 
and water concentrations 

‘The catalytic effect that manifests itself in an 
increase of the overall bimolecular reaction rate is 
due to clistering of the reactant at specific sites 
and in tum a reduction of an intrinsic reaction 
‘uricr through the formation of specific hydrogen 
bonds. The water molecules are not actively in- 
volved in the reaction (eg, through bond bre 
ing) other than forming hydrogen bonds, We are 
aware that any general conchisions about radical 
molecule reactions involving hydrles may. be 
Premature. In other related studies of poten 
‘water catalysis, it was found that although barriers 
sre lowered upon hydration, the dynanties and 
residual barriers may still be unfavorable for re= 
action (29), However, we do anticipate that this 
effect is not restricted t0 the HO-CHyCHO sys- 
tem but a general low-temperature feature of & 
lager class of reactions of potential relevance 
in atmospheric ry, Lastly, we note that 
a catalytic role of water in (condensed phase) 
forgamie reactions has been reported before. 
However the effect described here should be 
clearly distinguished from effects of microsolva- 
tion (Causing ionic dissociation), classical acid- 
‘base catalysis of ongzanic reactions, and cases in 
which water is actively involved as a reaction 
partner (eas a proton donor or aeceplor) 
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Martian Atmospheric Erosion Rates 


‘Stas Barabash,”* Andrei Fedorav,? Rickard Lundin,? Jean-Andre Sauvaud? 


‘Mars was once wet but is now dry, and the fate of its ancient carbon dioxide atmosphere is one of 
the biggest puzzles in martian planetology. We have measured the current loss rate due to the 
solar wind interaction for different species: Q(0*) = 1.610"? per second = 4 grams per second 


(95), Q(0,*) = 1.5-10" s* 


8g 5, and Q(CO, 


8-107 s* = 6 g 5"? in the energy range 


‘of 30 to 30,000 electron volts per charge. These rates can be propagated backward over a period of 
3.5 billion years, resulting in the total removal of 0.2 to 4 millibar of carbon dioxide and a few 
centimeters of water. The escape rate is low, and thus one has to continue searching for water 
reservoirs and carbon dioxide stores on or beneath the planetary surface and investigate other 


escape channels, 


‘ow is the solar wind erosion of the mar- 
Litres iyo 

this planet? The “warm and wet early 
Mars" model suggests that flowing liquid water 
caused the surfice erosion features, such as 
‘outflow chamnels, The water was sustained in 
the liquid state because of a much higher atmo 
spheric temperature in the past caused by a 
strong. greenhouse effect. The amount of water 
needed 10 produce the observed geomwoxpho- 
logic features is about 600 m to I km of the 
equivalent water layer (0, The amount of 
atmospheric pressure needed 10 maintain the 
required greenhouse effect would be a few bars 
of COs (2). The inventory of the present 
amounts of water and carbon diowide (the most 
recent “nondiscovery” of carbonates by Mars 
Express (3)] cannot yet identify any appreciable 
amounts of these materials comparable with the 
‘amount present on ancient Mars, although the 
presence of the water in the past is unambigu- 
‘ously confined by Mars Exploration Rovers 
(A). What happened to the martian water and 
carbon dioxide? Apart from catastrophic re- 
moval of the ancient atmosphere by an impact 
fat the end of the Noachian and still-to-be- 
discovered hidden reservoirs, the solar wind 
«erosion is a plausible idea to explain the absence 
‘of notable amounts of water and carbon dioxide 
‘on Mars today. 


‘Swedish instinae of Space Physic, Bor 812, 96178 Kiruna 
‘Sweden. “Cente ¢ Etude Spatle des Rayonnements, BP-4346, 
F-31028 Toulouse, France, 

“To whom correspondence should be addresied. Email: 
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When the solar wind encounters a non 
magnetized atmospheric planet, a void of the 
solar wind is formed. The void erated by the 
magnetic field resulting from the current i 
duced in the ionosphere is called an induced 
magnetosphere (5). Its separated from the solar 
Wind by an induced magnetosphere boundary 
Previous investigations (6) based on the 
netic field measurements revealed in the same 
region a boundary termed the magnetic-pile-up 
‘boundary (MPB), The identity of these two 
‘boundaries is sil to be confirmed. The void is 
filled by escaping or accelerated ions, which are 
the tons from the martian atmosphere with en- 
ergy exceeding the escape energy (2.1 eV for 0). 
At least two processes of the acceleration are 
‘established. Those are the pick-up process (7) 
and acceleration resulting from charge separa- 
tion due to the electnic field (8). Other mecha- 
nisms ace probably also active. Carlsson et al 
(9) have established the mass composition ofthe 
caping plasma. They found tha the flux ratios 
of 0:70" and CO; 0" are 09 and 02, re- 
spectively, Apart from the escape due 10 the 
accelerated ions, the manian atmosphere erodes 
{due to thermal plasma removal, sputtering, and 
loss of fast atoms (mostly oxygen) resulting 
from the exogenic dissociative recombination 

This study reports the escape rates of ions 
accelerated to energies in the range of 30 10 
30,000 eV per charge. The earlier measurements 
of the escape rate in the similar enerey range 
were attempted by the Phobos-2 mission. The 
‘obtained O° escape rates were 3-10 sO) and 
5:10 5" (11) The rate in (10) is in the enerey 
range of 0.5 10 24,000 eV (the lower limit is 


uncertain because ofthe absence ofthe spacecratt 
potential control), 

The total escape rates reported here are based 
fon the measurements by the ion mass analyzer 
(IMA) of ASPERA-3 (Analyzer of Space 
Plasmas and Energetic Atoms), an instrument 
‘onboard the Mars Express mission (/2, /3), The 
IMA does not resolve directly O°, 03°, CO" and 
CO," but the mass composition can be obtained 
by fiting of the wide mass peak by Gaussian 
peaks comesponding to the individual masses. 
‘The position ofthe peaks as a function of energy 
and mass, as well as their width, were obtained in 
Inboratory and in-flight calibrations (9), The 
Aechnique works reliably except for CO", which 
cannot be separated fiom O3°. However, the 
ionospheric moxlels (/4) predict the CO" density 
to be at least a factor of 100 lower than that of 
Oy" at 300-km height, where the ionosphere 
starts to interact with the solar wind ($), We thus 
assume that the whole flus associated with the 
(Os°/CO™ peak isattributed to molecular oxygen 
‘The observational period in question is from 
1 May 2004 to 30 May 2006, which corresponds 
to approximately one martian year, The spatial 
coverage is regarded as dense and statistically 
sulicient (supporting online text). 

‘The total escape rate is calculated by map 
ping the planetary ion flux distribution in the 
plane pemendicularto the Sun-panet in 
the distribution function measured for three ions, 
OF. 0", and COs", along the spacecraft tri- 
joctory is integrated over energy and solid angle. 
‘The obtained integral flux (em > s") is assigned 
to the orbit interval corresponding to 192-8 IMA 
accumulation time in the frame of reference 
related to the intesplanctary electic fie. In this 
Cartesian coordinate system, MSE (Mars-Sun 
Electric field), centered at Mars, the «axis points 
toward the Sun, = coaligns with the interplane- 
tary electric field plane, andy completes: the 
right-hand system. The dircetion of the electric 
field, £, is calculated from the Mars Global 
Surveyor measurements (/5). As shown mast 
recently by (/5), the ion-escape fluxes are or- 
nized by the E-field due to specific topology 
of the magnetic field in the wake rexion (where 
‘main variations of the magnetic field lie in the 
plane perpendicular 1 £) and due to finite 
sytoradius of the planetary ions comparable 
‘with the planetary size. The planctary ions fill 
the whole downtail region inside the MPB up to 
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the Xigse = 4 (Fig. 1). The flux distribution eoe atherlimited and instance flux can reach 5-107 em which 
relates well with the E-field direction (Figs. 1 an Rye. where Ry corresponds toa planetary ion-number density of 
The escape takes place predominately throu 20cm" ating the maps shown in Fig, 2 
the plasma sheet and adjusted region i eraged flux in the over the area, we obtain the total avera 
MPB with the maximum escape rate deep inside plasma sheet region is about 2-10° em?! the ates for three species 
108 
1 Os" WO") = 09 and QICOs"VQIO") 
4 are Os" and O with a submisture of CO; 
£ ! Q0: 
€ atio Q(z" VOQKO" isin agreement 
g ratio reported by (9), Q(COs QO") 
i 8 factor of 2.5 higher. This is rwlated to a Less 
N accurate mass separation in this study between 
Oy’ and CO," performed automatically, where 
= pained are almost a factor of 100 lower than 
hose from Phobos-2, The current escape is ex 
105 a ea 
The occurrence per spatial bin is high [at 
Ieast nples per ZY bin (Fig. 2)), and thus 
tions are (i) not full coverage over solid angle 
4 2 1 o 1 (ii) 96 mass separation between Os" and CO? 
Xmse, Rm (Gil) not full mass separation between O,* and 
Fig. 2. The integral fluxes (cm™? 5) forall three ions (0", O,*, CO,*) together CO,*, (iv) deviation of the flux direction from 
range -0.8Ry < Y<0.BRy in the 2X plane of the E-related coordinate system (N he —X axis, and (¥) uncertainties in the geo- 
also shown are Mars (red circle), the eclipse region, and the MPB (red dashed line) as given by the trical fa enengies (<300 eV), The 
model of (19). The white dashed lines show approximate streamlines used for averaging to get overall uncertainties in the measured escape 
maps in the ZY plane. The slope of the streamlines is a simple linear interpolation between the rates do not exceed 30% (supporting online 
lope of the MPB and the horizontal edge of the eclipse. The vertical red dashed line displays the text), which is considered low in the context of 


position of the mapping plane. 


Ymmse. Rn 


Fig. 2. ZY maps of the integral fluxes cm"? s) of O* (left), 03" 
(middle), and CO,* (right). The fluxes are averaged over streamlines 
outside the eclipse and along the Xuse dire side the eclipse 
(Fig. 1). The average flux distribution is mapped onto the plane Xuse = 
~2Ry, and collected in the O.08Ry x 0.08Ry pixel array. For the final 


Ymnse. Rm 


om: 5-1 
108 


108 


Yinse, Rm 
distribution, only pixels that have 
taken into account. Al 


een sampled at least five times were 
bins with fewer crossings were disregarded. For 
15 limb, the MPB cross section at the 
stance x = -2Ry. The direction of the interplanetary electric field is 
shown by the red vector. 


we also show the 
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Propagating the measured rates backward in 
time, one can estimate the total amount of carbon 
dioxide and water, AM(COs) and AMO), 
Jost through this particular channel over 3.$ 
igayears (Gy) (supporting online test). 


AM(COz) = 0.2 4 mbar over 3.5 Gy 
AMII,O) < few em over 3.5 G 


Using a hybrid code, Modolo et al, (16) 
calculated the escape rates for O” and Os" for 
different solar conditions. The calculated total 
‘escape rate for the heavy ions (O° and O2") is 
S710 s-", compared to 3.1-10? s-" in this 
ly; ie, the calculated and measured rates are 
in very good agivement. Alo, the measured es 
© aes are in very wood agreement with MHD 
{magnetohydrodynamics) simulations by, (17), 
They provide the rates QO") = 25:10 st. 
Q(z") = 2910 5" COS) — 3.107 
forthe solar minimum conditions. As can be seen, 
‘even mass composition i quite well reproduced 
Because the calculated escape rates are in 
ood! agreement with the measured ones at the 
‘solar minimum conditions, we can thus rely on 
the ealeulated factor of the escape inerease for the 
maximum conditions, Modolo ef al, (6) 
predicted the factor to be 4.56 for the O” escape 
rate increase, ct al. (17) predicted the 
‘sume factorto be 4.58, Sealing the measured rates, 
‘on this factor brings the total eseaped amount of 
cearbon dioxide to 0.8 10 43 mbar, and the upper 
limits for water to 4 10 70 em. Thus, we sonchadte 
tht the solaractivity variations cannot inercase 
the estimated wolal escape on a factor of 100 
neaed for evolutionary relevant numbers 


‘The estimated total losses of carbon diowide 
and water are much lower than the few hundred 
meters of HO and | to 5 bar of CO2 required for 
the “wet and warm carly Mars” model. There- 
fore, either other escape channels were or are 
‘operational, e.2., impact atmospheric removal, 
Photochemical or cold plasma bulk escape, oF 
Water and carbon dioxide are stored in noniden- 
tified reservoirs, 

‘We emphasize that this study considers only 
fone channel for the escape 10 space. The 
determination of the escape rates in the form of 
cold plasma clouds (bulk escape) or via sput- 
tering and photochemical reactions is beyond the 
scope of the ASPERA-3 experiment capabilities. 
To compare the measured escape rates with the 
‘other escape channels, we determined logarthim- 
averaged oxygen escape rates over all available 
models given in the review (/8). The photo- 
chemical O° escape rates are estimated 10 
2:10! on average: the sputtering, 7-107 s 
and the bulkcold plasma escape, 1-10 s 
[Phobos-2 database (/¥)]. As can be seen, at 
least in simulations, estimated photochemical 
for cold plasma escape rates are substantially 
higher than the reported numbers, Precise mea- 
‘surements of the cold plasma, photochemical, 
and sputtering escape rates must await future 
missions. 
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Slow Earthquakes Coincident with 
Episodic Tremors and Slow 


Slip Events 


Yoshihiro Ito,* Kazushige Obara, Katsuhiko Shiomi, Shutaro Sekine, Hitoshi Hirose 


We report on the very-tow-frequency earthquakes occurring in the transition zone of the 
subducting plate interface along the Nankai subduction zone in southwest Japan. Seismic waves 
‘generated by very-low-frequency earthquakes with seismic moment magnitudes of 3.1 to 3.5 


predor 


iantly show a long period of about 20 seconds. The seismicity of very-lon-frequency 


‘earthquakes accompanies and migrates with the activity of deep low-frequency tremors and slow 
slip events. The coincidence of these three phenomena improves the detection and characterization 
of slow earthquakes, which are thought to increase the stress on updip megathrust earthquake 


rupture zones. 


onvolcanic deep low-frequency (J) tan 
Neer css 89 ose 

simultaneously in the transition zone (5) 
fiom locked to aseismic slips at the downdip 
portion of the Nankai subduction zane in south- 
‘West Japan. Megathrust earthquakes with seismic 
moment magnitudes exceeding 8 occur in this 


www.sciencemag.org 


region periodically on ~100-year time scales (6). 
Thaw is abo a large gap in the source time 
properties of two recently discovered mechanisms 
of relaxation of accumulated stress inthe transition 
zone: Deep low-frequency tremors (/) predomi 
nantly show fiequencies near 0.5 s, sisting that 
the characteristic time seale of the rupture duration 


is on the onter af 1s, whereas slow slip events 
(2-4) do not radiate any seismic waves and cause 
‘crustal deformations that continue for 2 0 5 days. 

Deep low-frequency tremors and slow slip 
‘vents in Japun have been detected by the seismic 
network of the National Research Institute for 
Eanh Science and Disister Prevention (NIED), 
‘which comprises network of 750 high-sensitivity 
scismograph network (Hienet) and 73. broad- 
band seismograph network (F-net) stations (7) 
‘The Hinet stations provide a high: 
bility for deep lowfrequency tremor 
amplitude signals (/), The Hi-net and 
also detect very-low-fiequency (VLF) 
‘within the accretionary prism at the updip portion 
of the Nankai subduction zone (810) 

A two-component high-sensitivity horizontal 
accelerometer with a wide fiequency response 
range from $ Hz to direct-current component 
(Hi-net TILT) is installed at each Hi-net station 
(UD, The accelerometers function as tiltmeters 
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they are usefill in analyzing short-term slow slip 
events (2-4) Hienet TILT and Fanet are abo useful 
in calculating the moment tensor solution of Tocal 
eathquakes (12). 

‘To understand the stress-rehasation process in 
the transition zone, i i important to entity all 
seismic and geodetic phenomena, At present, a 
large gap exists between the characteristic time 
scales. for the previously identified deep low- 
frequency tremors and those for slow slip events 
We examined the Hi-net and Fenet data with the 
use of various bandpass filers within an overall 
range of 1 10 0.005 Hz. in an effort to detect 
unidentified long-period seismic signals radi- 
ated from the transition zone, With a bandpass 
filter of 0.02 100.05 Hz, we suceced in detecting 
dlistinet, anomalous VLF signals radiated from 
the transition zone near the souree region of deep 
Fow-fiequeney tremors. These signals, observed at 
several Hinet TILT and F-net stations, are best 
identified on the radial an! vertical components. 
The VLF signals (Fig. 1) are accompanicd by 
\wave trains of deep low-fiequency tremors. The 
apparent velocity estimated from their artval times 
‘at stations with an epicentral distance exceeding 
30 km is ~6 kmis, which overlaps with P-wave 
velocities in this region. This value suggests that 
the observed VLF signals constitute body waves. 

‘To detect VLF seismic signals and estima 
their hypocenters systematically, we adopted the 
tid: moment tensor inversion (GMI) approach 
(3-15), in which we assume thatthe target eanth- 
‘quake always oocurs ata grid point thats ranged 
With respeet to both space and time. Using this 
approach and continuous seismograms obvained 
from F-net, we calculate the point source moment 
jon at 0.1” horizanta, 3 km depth, and 
1's ierval grid-point spacing (Hig. SU). Fist, we 
removed time periods that are potentially eontami- 
hated with seismic waves from teleseismic and 
‘onfinary regional earthquakes from all the GMTT 
solutions. Next, using the Fenet and Hisnet TILT 
data, we applied the centroid: moment tensor in- 
version (CMT) approach (/2, 15)—in which 
hypocenters and fut mechanisms of the tansct 
ceaithquakes are cakulated simultancously — 10 the 
remaining GMT! solutions 

We detected many VLF seismic events eoin- 
cident with the dexp low-frequency tremors and 
slow slip events that occurred from January to May 
2006 (lable SI). These VLE events with seismic 
‘moment magnitudes of 3.1 10 3.5 are located on the 
beltike distribution of deep low-frequency trem 
‘os along the strike of the subducting Philippine 
Sea plate (Fig. 2). Local ondinary earthquakes with 
the same seismic moment magnitude as these VLF 
‘events are not listed in any seismic catalog. 

We compared a waveform of the VLF event 
with that of an ordinary earthquake at the F-net 
station UMJ (lig. S2). Both events have the same 
moment magnitude of 3.4 and almost identical 
epicentral distance and depth. Both events have 
low-tiequeney components with similar ampli 
tudes in the range of 0.02 to 0.05 Hz. However, 
the signal ofa VLF event does not constitute any 
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high-frequency components in the range of 2 t0 
8 Hz. This result suggests another type of slow 
earthquake. which we call a VLF earthquake. 
Earthquakes with similar discrepancies between 
amplitudes measured at low and high frequencies 
served on transform faults and are iden 
tified as slow earthquakes (16). 

The observed waveforms of VLF earthquakes 
are exphinad by thrust faulting (Fig. 2and fig, $3) 
‘The epicenter of VLF earthquakes are confined to 
a narrow band bound by the surface projection of 
30- to 35-km depth contours of the plate interface 
(Fig. 2), Moreover, their epicenters clearly overlap 
With the seésmicty of deep low-frequency treme 
The depths of the plate interfsce are based on the 


inet titmeter: Radial component 


‘Time (minutes) 


result of the depth variation of the oceanic 
“Mohorovigi discontinuity (the erustanantle bourn- 
ary) calculated by receiver fiction analysis (7). 
‘THe thickness of the oceanic crust in this region is 
assumed to be ~$ km according to an active-souree 
seismic experiment (78), The focal depths of VLF 
ccathquakes are distributed across slightly wider 
sanges (fig, S4¥; the averaged depihs and standard 
deviations ane 40 = 8 km and 35 = 9 km in the Kii- 
‘Tokai and Shikoku regions, nspoctively. This wide 
tribe! tothe depth variation 

‘variance reduction calculated 
bby CITI (fig. SS), which suggests that the focal 
depth is not well constrained, However, these focal 
depths are roughly consistent with the subducting 


Fig. 1. Sample seismograms of a VLF earthquake at selected sites. Radial components at seven Hi-net TILT 
stations are shown. The observed waveforms are arranged in epicentral distance order from an estimated 
source location. The red and black traces represent the observed waveforms filtered for bands of 0.02 to 0.05 
Hz and 2 to 8 Hz, respectively. The vertical bars on the right indicate the displacement amplitudes, 


Sa 


Fig. 2. VLF earthquakes (stars), deep low-frequency tremors (circles), station distribution, and 
moment tensor solutions of VLF earthquakes. The plus and diamond symbols represent the NIED 
Hi-net and Fnet stations, respectively. The depth contour indicates the upper surface of the 
Philippine Sea plate. The rectangle indicates the area shown in Fig. 3. The yellow triangle indicates, 
the epicenter of an ordinary earthquake with a moment magnitude of 3.4. 
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plate interface. The dip angles of the nodal planes 


dipping landward are consistent with the slope of 


the Philippine Sea plate: the averaged! dip angles 
and standart deviations are 14° = 8° in the Kiie 
‘Tokai region and 1S = 9 in the Shikoku region. 
‘These Values imply that VLF earthquakes: may 
‘occur on the subxlucting plate interface. 

The simultancous occurence of deep low 
frequency tremors and slow slip events has been 
‘observed in southwest Japan (2). These activities 
‘are enincident both spatially and temporally, and 
they exhibit a clear migration pattern when the 
activity of deep low-frequency tremors is high (). 
A clear nonheastward migration of the seism 
of deep low-frequency tremors and geodetic 
deformations by a slow slip event were observed 
in the Kii-Tokai region in January 2006 (/9), 


‘Concurrently, an identical migration of the seis- 
icity of VLF cathguakes was observed in the 
3), The migration patiem of VLF 
is consistent with both the 
deep low-frequency tremor activity and the 
observation of the geodetic deformations, This 
‘observation indicates a close relationship between 
slow slip events and the activity of both VLF 
eamthquakes and deep low-frequency tremors, 
thereby reflecting the stress accumulation and 
relaxation process in the transition zone. 

‘The excitations of wave trains caused by VLF 
earthquakes appear to always overtap with the 
‘peak amplitude of wave trains caused by dosp low= 
frequency tremors (Fig. 1} However, it should be 
noted that deep low-frequency tremors occur with 
‘ut the excitation of VLF earthquakes. This result 


‘Time from Jan. 5, 2006 (days) 


Fig. 3. Migration of seismicity of both VLF earthquakes and deep low-frequency tremors, and tilt 
‘change at four Hi-net stations—OKZH, HAZH, URSH, and MGWH—between 5 January and 25 January 
2006. The temporal variation of VLF earthquakes (red stars) and deep low-frequency tremors (circles) is 
shown along the southwest-northeast line in the inset representing the strike of the subducting plate 
interface, The four colored lines are records of the east-west component of the tit changes observed at 
inet stations, The inset shows the distribution ofthe VLF earthquakes and deep low-frequency tremors 
during the same period, as well as the Hi-net TILT station locations (plus symbols) 


Asperity of megathrust earthquake 


Fig. 4. Schematic of the seismic source distribution for VLF earthquakes, deep low-frequency 
tremors, and slow slip events at the downdip portion of the subduction zone in southwest Japan. 
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suggests that the VLF event and the deep low- 
fiequency tremors are two distinct phenomena, 
‘Considering the predominance of VLF compo 
rents of ~20 s (Fig. | and fig. $2), their response to 
the rupture process may correspond toa skny cath- 
quake with a chanicteristc time scale of rupture 
duration on the order of 10. This rupture duration 
¥s longer than that of ordinary earthquakes and also 
exceeds the duration proposed for deep low- 
ffequency tremors, ~1 5 (/). However, this 10-8 
duration & obviously shorter than the 2- to Stay 
duration of regionally observed slow slip events 
(2-4), Similar VLF earthquakes that occur within 
the accretionary prism are thought to represent low 
canhguakes with Jaw stress drops, low rupture 
‘velocities, and low slip velocities on the faut plane 
‘with high poretluid pressure (70). These observae 
tions sugwest that three types of slow earthquakes 
ep low-Hreguency tremors, VLF eathquakes and 
slow slip events--eccur simuttancously in the 
transition zone ofthe subducting plate inerfa 
Tomography studies that image seismic vo- 
locity structure show that a high Poisson's ratio 
exists atound the source region of the deep low= 
fiequeney temor (20), A recent precise study in 
the Nankai subduction zone proposes a linear 
distribution of low-fiequency carthauakes, similar 
to the classification of deep lowsfrequency trem 
‘rs with slightly obvious P and S phases, at 35 10 
40 kin around the plate interface and comespond- 
ing toa zone of high Poisson's ratio in the vicinity 
of the transition zone. This suggests the following 
‘wo interpretations: () generation oflow-fieguency 
ceathquakes by shear slip, and (i) formation of a 
region of high pore-fhul pressure due to the fd 
released fiom the dehydration of the subducted 
‘ceanic crust (2/). Considering that three types of | 
show earthquakes including low-frequency eath- 
quakes occur in the transition zone (Fig, 4), the 
existence of a zone of high pore-flud pressure may 
play an important mle in the occurence of these 
slow earthquakes. One possible scenario of the 
stress-rebnxation process in the transition zone 
thased on an asperity model (22, 23), in which 
stronger coupled patches of VLF earthquakes are 
ssurounded by ascismic slow slip regions, The fault 
slicar sirenath of the slow slip segment is weaker 
than that of the asperity of'a megathrust earthuake 
because the high poretluid pressure i 
reduction in the normal stress. on the plate interfic 
the shear stress loaded by the subducting pi 
reaches the yield stress of the bulk for the slow slip 
seatent, the slow slip event starts inthe transition 
zone. When the shear stress increases on the 
patches of VLF earthquakes due to the occurence 
of the slow slip event, these patches eventually 
rupture alter the cumulative stress reaches the yild 
stress reduced by the high pore-flud pressure. This 
rupture results in a low stress drop and possibly 
induces the behavior of a VLF earthquake. Many 
‘new microcracks, with shear strength weaker than 
that of ordinary microcarthquakes and source size 
smaller than that of VLF earthquakes, may rupture 
in the transition zone as a result of the local sires 
change around the plate interfuce, induced by’ the 
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migration slow slip. The superposition of seismic 
signal from each small failure yields the observest 
sequence of deep low-fiequency tremors. Low- 
frequency tremors in the Cascadia subduction zone 
have an extensive depth distribution from 10 t0 
40 km, where there are strong seismic refractors, 
suggesting the existence of fluid (24). These trem 
‘rs also may be caused by the stress change out- 
side the transition zone due to a slow slip event, 
because a similar migration ofthe tmemor seismic- 
and slow slip is observed in the Cascadia sub- 
duction zone (25), 

The monitoring of not only deep low-frequency 
tnomors but also VLF earthyuakes may be usefil to 
sexs the tess on the rupture zane ofa megathrust 
‘earthquake. This is because the shear siess on the 
asperity of the megathrust earthquake may increase 
asa result of knw earthquakes ofall sizes occurring 
at the downdip portion of the subduction. zane 
VILF earthquakes are also useful indicators for 
estimating the stress condition of the rupture zone 
‘of an anticipated megathrust earthquake. 
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Strong Relationship Between DMS 
and the Solar Radiation Dose over 
the Global Surface Ocean 


Sergio M. Vallina and Rafel Simé 


Marine biogenic dimethylsulfide (DMS) is the main natural source of tropospheric sulfur, which 
may play a key role in cloud formation and albedo over the remote ocean. Through a global data 
analysis, we found that DMS concentrations are highly positively correlated with the solar radiation 
dose in the upper mixed layer of the open ocean, irrespective of latitude, plankton biomass, or 
temperature. This is a necessary condition for the feasibility of a negative feedback in which light- 
attenuating DMS emissions are in turn driven by the light dose received by the pelagic ecosystem. 


sanic biota influence climate in the long 


rel ts essential for Earth-systen 


functioning (such as C, O, N, P. Si and) (3) 
sand in the short tem by exchanging climate-active 
eases with the atmosphere (greenhouse gases, 
‘oxidant and light nd five-radical and 
acrosol precursors) (4-8), One of these gases is 
dimethybsulfide (DMS), which represents. the 
Jangest natural source of atmospheric sulfur and a 
major precursor of hygroscopic (ic.. cloud- 
forming) particles in chan air over the remote 
‘oceans (4, 9), thereby acting to reduce the amount 
‘of solar ragiation that erosses the atmosphere and is 
absorbed by the ocean. A 20-vearok! hypothesis 
(ZO) postulated that marine plankton, cloud albedo, 
‘and solar radiation can be connected through 
DMS production, ventilation, and oxidation in 
1 feedback interaction; whether this feedback 
would be positive or negative was uncertain 


Institut de Ciencies del Mar (CSIC, Passeig Maritim de a 
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We wanted to explore whether DMS concen- 
trations are linked to epipelagic eonsysiem ex- 
posure to solar radiation. A monthly sampling of 
surfice DMS concentrations, as well as biological 
and physical variables, was conducted during 2003 
and pant of 2004 at the Blanes Bay Microbial 


1 
DMS = 0.138 + 0.028°SRD 
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Observatory, located at 41°30N, 2-48 in the 
coastal northwest Mediterranean, We noted that the 
light exposure of an idealized seawater particle 
(and its associated dissolved substances. and 
buoyant organisms) depends not only on the 
surfice imadiance and its underwater attenuation 
that also on the depth of the mixed layer within 
‘which the particle is confined. Thus, we estimated 
the daily-averaged solar radiation reccived in the 
“upper mixed layer (UML), oF UML solar radiation 
dese (SRD), from measured data of the daily- 
averaged surface imadiance, the underwater light 
cetinetion coefticient, and the mixed layer depth 
(MLD) (1). A linear regression analysis revealed 
that, during the period examined, the SRD 
accounted for 94% of the variance of monthly 
surface DMS concentrations (Fit. 1). 
Application of this analysis to a triannual 
(1992 t0 1994) time series of DMS cone 
tions at Hydrostaton Sin the Sangasso 
G2 10, 64 30W) produced 5 
Daily surface irradiances measured in Bermuda 
as well as MLD and extinction 


Fig. 2. Linear regression (n = 15, 
? = 0.94) of surface DMS concen- 
trations versus SRD in Blanes Bay 
(coastal northwest Mediterranean). 
Dots are monthly data during the 
period from January 2003 to April 
2004. Error bars represent stan 
dard deviations of two consecutive 
sampling days each month. A 
Spearman correlation analysis of 
the same data gives a significant 
positive coefficient p = 0.75 (P << 
oon. 
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measured at the Bermuda Atlantic Time-Series 
Study station nearby (//) were used to estimate 
th 
DMS was measured. The varia 
explained 81% of the variance of monthly sur- 
face DMS concentrations (Fig. 2), This is con 
sistent with a recent work (/) show 


utraviolet radiation (UVR) dose at th 
study site 
‘The original plankton-sulfur-climate hypoth- 
«eis postulated that regulatory (negative) feed- 
back would occur if positive changes in sunlight 
and/or temperature caused increases in primary 
production and associated changes in DMS, par- 
ticularly at low latitudes (10). However, monthly 
DMS and chlorophyll a (ehl-a) concentrations 
Cone commonly used measure of biomass) were 
not positively correlated but rather showed op- 
Posite patterns in both the eoastal Mediterranean 
(p= 0,51) and the Sargasso Sea (p= -0.61) 
(3) sampling sites, Tis is nota panicular ease 
{wo stations, Away from the equatorial 
ion, surface DMS. con 


imum DMS coincides with 
mof phytoplankton biomass. This fea- 
been called the “DMS. summer para 
ox"). At high latitudes and ove 
Southem Ovean, on the other hand, the summer 
surface DMS maximum ¢o-oceurs wl 
maximum, and both variables look strongly 
‘correlated (/5). Such a heterogencous behavior 
results in very Weak global comelations between 
DMS and ehiea (15, 16). 

To assess whether global DMS distributions 
better follow those of solar radiation or sea sure 
face temperature (SST) than tho 
biomass, we compiked monthly glo 
available DMS concentrations from the Global 
Surface Seawater (GSS) DMS database (7) 
This database includes about 30.000 individ- 
ual data points collected from 1972 to 2003, 
No information about the comesponding in situ 
MLD, surfs light extinction co- 


ceflicients is available directly from the database. 
Boyer-Montégut er al. (18) recently constructed a 
comprehensive climatology of global MLD 
based on more than 4,000,000 temperature pro- 
files obtained between 1941 and 2002. We mage 
use of this climatology with a modification of 
the definition criterion (11). The daily averaged 
solar irradiance at the top-of-the-atmosphere 
was calculated (9) and converted into oceat 
surface irradiance (/9} considering a transi 
sion coefficient of 05—that is, an atmospheric 
reduction by a half (20), Monthly global maps 
of SRD were obtained from the aforementioned 
variables in the same way as for the local studies 
(UZ), For chl-a concentrations and SST, we used 
satellite-derived climatologies (//), Monthly lat 
itudinal distributions of DMS, chha, SST, and 
SRD show that DMS follows solar radiation dese 
much more closely than it follows plankton 
biomass or temperature (Fig. 3), 

We divided the surface of the globe into 324 
boxes of 10° Iatitude by 20° longitude. Available 
DMS measurements and calculated SRD values 
were averaged for cach month and cach box. 
Next, we subdivided the range of SRD values 
(from 0 to 210 Wm) into spaced intervals of 
15. Wm, and mean 
calculated for the box-averaged DMS concer 
trations corresponding to cach of the inten 
Data from different latitudes and months we 
averaged together as long as they had a similar 
solar radiation dose. The highest $% of the DMS 
box means were purpos imo ac- 
‘onder to exclude high DMS v 
sociated with eutrophic coastal systems and 
Jocal blooms of algae that produce very high 
amounts of dimethylsulfoniopropionatc (DMSP), 
which are well-documented short-term sources 
‘of DMS that woul! have a disproportionately 
high weight on the averages. This cut-off eri- 
terion roughly corresponded t an upper limit 
‘of 10 nM (fig. SL). The final number of 
month combinations used was $45, and the 
number of GSS DMS data points included 
was about 26.400 of the orig- 
inal data, 


Fig. 2. Linear regression (n = 33, 
1? = 0.81) of surface DMS concen 
trations versus the SRD in Hydro- 
station S (Sargasso Sea). Dots are 
monthly data during the period from 
January 1992 to November 1994, 
Error bars represent standard devi- 
ations of multiple sampling days 
each month. A Spearman correla- 
tion analysis ofthe same data gives 
a significant positive coefficient p = 
0.89 (P << 0.01), DMS data are 
from (12). 
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Consistent with the local time series, a sig- 
nificant positive correlation was found between 
averaged surfice DMS concentrations and the 
SRD along the radiation dose range (Fig. 4) 
Notably, there is a strong similarity between the 
slope and the intercept of the globally derived 
Finear equation and those obtained in th 
‘Sea (Fig. 2). Even though the data 
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Fig. 3. Month (April through March) by latitude 
plots of climatological global distributions of satelite 
Gerived chia concentrations (CH, Sea-Viewing 
Wide Field-f-View Sensor, 2002 to 2004), satelite- 
cerived sea surface temperature (SST, Climate 
Diagnostics Center, 1971 to 2000), surface DMS 
concentrations (GSS DMS database), and the SRD 
(clculated). All variables are monthly averaged by 
10 latitude bands. Spearman coefficients (p) forthe 
correlations between the latitude-month distributions 
of DMS and the other variables are DMS versus 
‘Dy 0.08; DMS versus SST 0.16; DMS versus 
SRD, 056 (n = 155). 
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global relationship is quite large (shaded areas in 
Fig. 4), the upper and lower contours of the 
scatter sill show clear proportionality between 
DMS and the SRD. 

Although upper-ocean DMS dynamics have 
‘been the object of extensive research, definitive 
‘conclusions about the main factors controlling 
DMS concentrations have remained elusive, 
and this has prevented giving an unequivocal 
‘sign for any feedback link between climate and 
DMS. Experimental work (9, 12) has unveiled 
the interaction of multiple biotic and abiotic 
players (ex, phytoplankton composition and 
physiological state, zooplankion grazing, bac 
terial activity and diversity, and photolysis), 
and solar radiation (and especially UVR) exerts, 
4 substantial but not straightforward influene: 
‘on many of them (2/-23), A particularly rel- 
‘evant, recent hypothesis suggests that DMS 
Teakage trom the algal cell is the by-product of 
4 sulfur-based antioxidant mechanism (21), 
Given that high light (high UVR) doses induce 
‘oxidative sttess (ie, DMS release) and inhibit 
bacterial DMS consumption as well (23), DMS 
may accumulate in seawater. Phytoplankton 
succession 1o higher DMSP producers in sum- 
mer stratified waters, oxidative stress on these 
producers, and oxidative damage on DMS 
‘consumers may be concurrent reasons why 
DMS concentrations are higher in high-light 
conditions 

‘A recent analysis of the DMS time series in 
the Sangasso Sea revealed that the temporal 
DMS variation emerging from such a complex 
cycle resembles that of the local UVR, and the 
latter was suggested as the major driving force 
(3). Whether this very same quantitative DMS- 
UVR relationship would be applicable to mast 
‘ofthe global ocean was unknown but unlikely, 
because other local factors such as plankton 
abundance and community structure would be 
‘expected fo have a lange complementary influ 
fonctheless, a pioneering work by Bates 
J, (24) showed, withthe few data available at 
time, that the seasonally averaged DMS 


«mission lux covaried with the seasonally aver 
aged surface solar irradiance at different lat 
itudes. More recently. the depth ofthe UML was 
seen to have a regulatory influence on DMS 
production and concentration on a wlotul scale 
and it was lypothesized that such regulation 
would parly occur through the effects of the 
MLD on plankton exposure 10 solar radiation 
(14,25). Using the most comprehensive data set 
availible today, we show that surface DMS 
‘concentrations respond positively to the UML 
solar radiation dose, and this response follows 
the same proportionality over the global open 
‘ocean, irespeetive of latitude and the large var- 
inbilty of for example, temperature and trophic 
status. 

One of the challenges of today's Eanth- 
system science isto elucidate how the biosphere 
responds 1 climate in ways that in turn ine 
fluence climate (26), determine their operation 
time seals, anal clarify whether these responses 
confer stability to the climate system in front of 
perturbations such as anthropogenic global en- 
Vironmental change. The tight coupling of DMS 
concentrations to the solar radiation dase th 
we observed is a necessary condition forthe oc- 
ceurtence of a negative feedback between plank- 
ton and climate through the influenee of the 
former on the radiative energy budget (0), No- 
tably, it also provides a clue on the time seale of 
such fosdback. The solar radiation dose of the 
surface ocean Varies strongly over the seasonal 
cycle aa consequence of the coupled variation 
‘of surface iradiance and the MLD, Our data in- 
dicate that itis at this seasonal seake that the 
epipclagic ecosystems respond to temporal and 
Jatitudinal changes in solar radiation by chang- 
pprxluction of lightattenuating volatile 
sxploration of responses at time seals 
shorter than a month should be caied out with 
high-resolution measurements of DMS ang solar 
radiation in coherent water masses. Whether this 
feealback will abo operate efficiently atthe longer 
time scale of anthropogenic global wanning will 
depend on induced changes in plobal cloudiness, 


Fig. 4. Linear regression (n=14, 

(0.95) of surface Dats concen 
trations versus the SRD in the glob- 
al open ocean. Dots are averages 
‘of 10 by 20 (latitude by longi- 
tude) box mean DMS concen- 
{rations grouped by intervals of 
15 W mm? of SRD. The shaded 
area represents the standard devi- 
ation of the averages. The num- 
bers by the data points indicate 
the amount of DMS box means 
used for each average (upper num 
bet) and the amount of original 
data included (number in parenthe- 


DMS (nM) 


DMS = 0.492 + 0.019°SRD 


ses). A Spearman correlation analy- 
sis of the 545 box means gives 2 
significant positive coefficient p= 
047 P << 00D. 
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aerosol fight scattering, and, most important, 
‘mixing depths in the ocean. 
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A Plasminogen-Activating Protease 
Specifically Controls the Development 
of Primary Pneumonic Plague 


‘Wyndham W. Lathem,? Paul A. Price,* Virginia L. Miller,?* William E. Goldman™ 


Primary pneumonic plague is transmitted easily, progresses rapidly, and causes high mortality, 
but the mechanisms by which Yersinia pestis overwhelms the lungs are largely unknown. We 
show that the plasminogen activator Pla is essential for ¥. pestis to cause primary pneumonic 
plague but is less important for dissemination during pneumonic plague than during bubonic 
plague. Experiments manipulating its temporal expression showed that Pla allows ¥. pestis to 
replicate rapidly in the airways, causing a lethal fulminant pneumonia; if unexpressed, 
inflammation is aborted, and lung repair is activated. Inhibition of Pla expression prolonged the 
survival of animals with the disease, offering a therapeutic option to extend the period during 


which antibiotics are effective. 


f the thie species of Yersinia patho 
Ox= to buna, 2p nos 
Wing. 10 its ability to cause plague. 
Although usually transmitted by an. arthropod 
Vestor, it is during cases of secondary pneu- 
monic plague that ¥. pestis can be spread from 
Person to person through the inhalation of res- 
Piratory droplets carrying the bacteria (/), This 
method of transmission may initiate an epi- 
demic of primary pneumonic plague, which ts 
fatal if not treated carly, Pneumonic plague is 
the most fikely form to result in the event of a 
biowarfare attack with aerosolized ¥, pesvis (2), 
Yersinia virulence in mammals requires the 
Yse type IH secretion system (T3SS), which is 
shared! among all three pathogenic species (3) 
Unlike ¥ pestis, ¥ enterocolitica and ¥. pseu 
dotuberculosis ate foodbome pathogens and 
usually result in self-limiting gastrointestinal 
infections (4-6), Thus, the presence of the Yse 
T3SS alone is not sulficient to cause a rapidly 
progressing respiratory infection, 
¥. pestis also carties pPCPI, «1 9.5-kb pas- 
mid that encodes the plasminogen activator Pha, a 
surface protease that is thought to promote plas- 
rnin degradation of fibrin clots (7, 7). tn models 
‘of bubonie plague, Pla promotes the invasion of 
X. pests fiom subcutancous sites of inoculation 
{nto the lymphatic system and deeper tissues but 
is dispensable for growth atthe site of inoculation 
(8, 9 When introduced by aerosol, ¥ pests 
Jacking Pla was reported to be equivalent oF near 
‘equivalent in virulence to wild-type by median 
Fethal dose (LDso) analysis (10, 1), but the 
progression of lung and systemic disease has 
hnever been evaluated in a model of primary 
neumonic plague, On the basis ofthese studies, 
wwe predicted that respiratory infection with 
strain of ¥ pestis lacking Pla would proceed nor- 
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‘mally inthe lungs and result in eth pneumonia 
but that fibrin deposition would restrict the ability 
‘of bacteria to escape the respiratory system. 
We infected CS7BL6 mice intranasally w 
wildtype ¥. pestis CO92, an isogenic ¥. pestis 
strain lacking Pla (CO92 Apla), or the pla 
strain complemented with the coding sequen 
for Pla, Mice given wild-type ¥. pestis CO92, a 
strain isolated from a fatal case of pncumonic 


A econ B 
: Seon see 
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plague (/2), succumbed to the infection in a 
highly synchronous manner. In contrast, only 
io of the mice infected with the Ayla strain 
eveloped terminal plague after 7 days, and the 
rate at which the mige died was lesssynchronous 
than the rate of those infected with the wild-type 
strain (Fig. 1A), Complementation of the mutant 
With the eoding sequence for Pla fully restored 
sinulence, Thus, the lack of Pha substantially de- 
fayed the time to death resulting from respiratory 
infection 

Although the kineties of bacterial growth 
during infection with CO92 proceeded as ex- 
pected (/3), bacterial outgrowth in the Aplae 
infected mice was significantly altered (Fig. 1, B 
and C), Afler 24 hours, 100-10 1000-fold fewer 
bacteria were recovered from the lungs of Ayla 
infected mice compared with the lunes with 
wild-type infection, Over the nest 2 days, the 
numbers of Ayla bacteria in the lungs did not 
suistantially change, whereas wild-type bacteria 
increased by almost 6 logs, In contrast, we de- 
tected bacteria in the spleens of all mice by 72 
hours, indicating that escape of the Apla strain 
fiom the lungs 10 distal organs still occured 
Fig. 1C). Inde, a 
‘had a bacterial burden approaching 10" to 10” 
colony-forming units (CFU) in the spleen, This 


Fig. 1. Pla is required for ¥. pestis to cause a fulminant infection of the Lungs. (A) Survival of 
(C57BU6 mice infected intranasally with Y. pestis CO92 (black squares), CO92 Apla (white squares), 
‘or CO92 Apla complemented with pla (white diamonds). (B and C) Kinetics of infection with ¥. 
pestis CO92 (black) or CO92 Apla (white). Bacteria were introduced intranasally, and at various 
times CFU per organ in the lungs (B) and spleen (C) were determined. Each point represents the 
numbers recovered from 2 single mouse. The limit of detection is indicated by a dashed line. 
Symbols below the limit of detection represent mice that survived but did not have detectable 
numbers of bacteria; an “X" indicates a mouse that succumbed to the infection. A solid line 


indicates the median of CFU recovered. °P 


037, 


0.002, and ***P < 0,002 (unpaired t 


test). (D) Gross weight of lungs from mice infected with ¥. pestis CO92 (black) or CO92 Apla 
(white). C57BU6 mice were infected as above, and at various times lungs were excised and 


weighed. * 
standard deviation. 


0.01 and **P < 0.001. Each experiment was repeated twice. Error bars represent 
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teria in the lungs; however, this is likely due to 
the recirculation of syste 
into the lungs (/3) rather than outgrowth of bac 
\eria in this organ, 

These data show that PI 
eration of ¥, pestis in the lungs but is not e= 
sential for bacteria to disseminate, This is a 
distinct phenotype from that attributed to Pla in 
models of bubonic plague: When Pla-neg 
¥, pestis is introduced subcutancously, dissemi- 
nation is dramatically reduced, but bacterial out 
growth at the local site of infection is unatlected 
(8, 9, Indeed, we show that rates of dissemina- 
tion from the initial site of colonization to the 
spleen were substantially inereased when Pla 
negative bacteria were introduced intranasally 
compared with the subcu (table $2). 
This may be duc to the highly vascularized nature 
ofthe lung, allowing escape ofa few Phen; 
capillary and thus 


jc organisms back 


ontrols the prolif: 


bacteria through an alveo! 
initiating systemic infection. 

\ hallmark 0 
the development of edem: 
bem 


bacterial pneumonia is 
in the lungs, which 


ht as fluid and cells contribute to increa 
mass of the o fected 
With wildtype ¥ pestis weighed significantly 
more than uninfected ty 
infgeted with the Apla strain of ¥: pestis showed 
7 days (Fig. 1D), 
suggesting that the death of mice infected with 


aan, Although mouse lungs, 


no change in weight, even aft 


this strain is not due to pneumonia but rather is 
ised by systemic infection. Our results, thene 
may explain the similar LDg values for 
Wikltype and Planegs 


for, 
ve strains when inhaled, 


even though ¥: pestis requires Pla to cause a se 
‘vere pneumonia, 

We also examined lung histo 
type and mutant Y pestis-infected mice wo 
resolve an existing controversy regarding. px 
thology and inflammation at the site of infection 
(8, 9, 13). An influx of inflammatory cells was 
detected in the lungs in both wild-type and Ayla 
infections. 36 hours after inoculation; in both 
the predominant infiltrating cell type was, 
polymorphonuclear (Fig. 2). Altho 
of the pulmonary lesions in the wilk-type in- 


the size 


fection increased over time, resulting in tissue 


destruction and hemorrhage, the foci of inflame 
mation in mice infected with CON Apla re 


mained relatively constant and restricted, In 
addition, we examined infected lung sections 
by using immunofluorescence with an antiboxty 
against ¥, pestis, Numerous extracellular bacteria 
\were associated with inflammation in the Iu 
of wild-type- infected mice, but relatively few 
bacteria were detected in the Apla infection and 
\were restricted to the much smaller inflammatory 
lesions (Fig. 2). Thus, both bacteria 
and subsequent inflammation in the lun, 
dependent on the Pla su 


‘outgrowth 


© protease 

These results suggest that host immunity 
controls the pulmonary infction without devel- 
oping an overwhelming inflammatory reaction 
to Pla-negative bacteria, The 


fore, we assessed 
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the amount of immune 
juantitative reverse-t 


tivation in the lungs by 


ription polymer 
ase chain reaction (qRT-PCR to determine chat 
in transcript quantities of multiple inflamma- 
tors. Consistent with our previous 


tory med 
observations (/.3}, mice infected with CO92 re 
mained unresponsive carly in the infection but 
showed significant cyto lation by 48 
hours (Fig. 3A). Similarly, the cytokine tran- 
script numbers in the lungs of mice infected 
with Apla were also relatively unchanged early 
in the infection. After 48 hours, however, cy 
tokine transcript numbers in response to Ayla 
were unchanged or only slightly mereased, and 


cog92 


by the following day of infection transcript 
numbers for most cytokines decreased, suggest 

matory. re 
sponse to Apla. Thus, the data reveal that, in the 
absence of Pla, an antiinflammatory state is 
maintained in the lungs and the infection is un. 
able to progress to the pro-inflammatory phase 
that we described previously (13), 

That cytokine transcript amounts appeared 
to stabilize and then decrease in the Apla-infected 
mice suggested the pulmonary inf 
Iesions were resolving, We immunostained in. 


matory 


fected lungs for the profiferating cell nuclear 
antigen (PCNA), a marker for host cellular 


C092 Apla 


24h 
36h 
‘ s . 
48h 
72h 8 
. 


48 h anti- 
Y. pestis 


Fig. 2. Histology and presence of bacteria in the lungs of mice during the progression of 
neumonic plague. Mice were infected intranasally; at various times, lungs were inflated and fixed 
with 10% neutral buffered formalin and embedded in paraffin, and S-im sections were stained 
with hematoxylin and eosin or a ¥. pestis antibody. The images shown are representative of ex 
periments repeated twice. Scale bars indicate 200 jum. 
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Fig. 3. Progression of the in- A 
flammatory response to ¥. pestis 

C092 or CO92 Apia. (A) Mice 

were uninfected or infected in 
tranasally, and at various times, % 
lungs were removed and im- " 
mersed in RNAlater (Ambion, 
Woodard, 10. RNA was ex & 
tracted and_revese-varcrbed, 

‘and relative cytokine transcript 
{quantities compared with those 

of uninfected mice were deter- 
mined by qRT-PCR using the 
AAG method (22) and’ nor- 
malized to glyceraldehyde-3- 
phosphate dehydrogenase for 

¥. pestis CO92 (black) or Apla~ 
infected mice (white). IL, in- be 
terleukin; MIP, mactophage 2 
inflammatory protein; and TNF, 
tumor necrosis factor. (B and © 

PCNA antibody stain and he- 
matoxylin counterstain of lungs 
infected with ¥. pestis O92 or 

C092 Apla after 48 hours, 
PCNA-poitve cel (arrows) are 
present in the lungs of pla- 
infected mice but largely absent 

in the wildtype infection. Extra~ 
rutlear granular taining in the 
CO92-infected lungs correlate 

with the presence of bacteria, 

Scale bars, 50 jum. 


thesis (4). Whereas the cells of will 
type-infected lungs were almost uniformly 
PCNA-negative (Fig. 3B), large numbers of 
PCNA-positive cells were present in Aplae 
infected mice (Fig. 3C), indicating active cell 
proliferation and regeneration of tissue in the 
Jungs. Lung repair at this stage ofthe infection is 
further evidence that fatalities among Apla- 
infected mice are not a consequence of airway 
{inflammation or damage but instead are the result 
‘of systemic spread of the bacteria. 

IfPla atone controls the ability of ¥ pestis to 
‘cause prieumonic plague, we hypothesized that 
experimental induction of pla expression mid- 
Way during the aborted pulmonary disease 
Would be sullicent 10 tum the nonpneumonic 
infection into-a pneumonic one. To test this, we 
adapted the tetracycline-responsive promoter 
system (/5) 0 exogenously control gene expres- 
sion in pestis during infection (Materials and 
Methods and figs. $1 and $2). We cultured the 
Apla strain of ¥. pestis carrying pla under 
control of the tetrae esponsive promoter 
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( pestis CO92 pla Pug pla strain YP138) in 
lla-repressing conditions (i... absence of anhy= 
rotetracycline, or ATC). Thirty-six hours after 
intranasal inoculation, we induced pla expres- 
sion by injecting ATC and then followed the 
progression of the infection. Bacteria in the pla- 
repressed state established a nonprogressive 
Jung infection in a manner similar to that of the 
Apla-infected mice. However, ance ATC was ad- 
ministered and Pla expression was up-regulated, 
the condition of these mice quickly converted 
to a disease with all the features of pneumonic 
plague: rapid proliferation of bacteria with de- 
velopment of visible microcolonies (Fig. 4, A 
and B), unrestricted inflammatory infiltrate, 
tissue damage (Fig. 4C), and shortened time to 
death, Thus, the absence of Pla stalls the devel- 
‘opment of disease in the early anti-inflammatory 
‘phase but does not climinate the potential ofthese 
‘organisms to cause pneumonic plague. Uhimate- 
ly. the block inthe progression of infection by the 
respiratory route is completely reversible by the 
expression of Pla. 
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One hypothesis of the mechanism by which 
Pia facilitates the invasive nature of ¥: pests is 
thatthe protease converts host plasminogen into 
plasmin while degrading the plasmin inhibitor 
‘ay-antiplasmin, releasing bacteria fom the en- 
trapment of fibrin clots (/6, 17). Inxleed, recent 
evidence has shown that fibrin deposition is an 
important means of immune control for a va 
«ay of pathogens (/8-20), and thus the suby 
sion of the coagulation cascade may be a notable 
vinulence mechanism. Consistent with this, 
show that the plasminogen-activating activity 
of Pla is essential to Y: pestis virulence in the 
pulmonary system (Materials and Methods and 
fiy. $3). Additionally, fibrin(ogen) depo: 

can be detected in the lungs of mice infected 
‘with either the wild-type or the Apa strain, but 
the pattern and extent of fibrinfogen) imm 
nostaining is substantially altered (fig, S4). We 
cannot exclude, however, the possibility. that 
other targets of Pla activity may also contribute 
tothe development of primary pneumonic plague. 
Nonetheless, the role of Pla during pneumonic 
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Forty 


= cose 
Prec pla-ATC 
© Proc pla +ATC 


10 PrarplasATC 
ePrer Bla ATC 
Praca ATE 


time post inoculation (days) 
— 

plainduced —_—plarepressed 
Fig. 4. Control of primary pneumonic plague progression by 
the tetracycline-responsive promoter system in ¥. pestis. (A 
and B) Induction of Pla during intranasal infection, Mice 
were infected intranasally with ¥. pestis CO92 (black) or 
C092 Apla + Prerpla prepared in the absence of ATC (rep- 
ressed state). After 36 hours, mice infected with the Pyerala 
strain were administered phosphate-buffered solution 
(PBS) (bive) or ATC (red) by intraperitoneal injection bid, 
GU jin the lungs (A) and spleen (B) were determined at 
various times. Symbols and lines as in Fig. 1. (©) Lung 
histology of mice infected with the Perpla strain and treated 
with PBS or ATC. Lungs were prepared as for Fig. 2. Scale 
bars, 200 jm. (D) Repression of pla expression midway 
through pneumonic plague infection. Survival of mice 
infected with CO92 Aplo plus Prerpla in the pla-induced 
state for the duration of the experiment (black) [mean time 
to death (MTD) = 3.1 days), in the pla-repressed state for the 
duration (blue) (MTD = 5.2 days), or inthe pla-induced state 
for the first day followed by the pla-epresed state for the 
remainder of the experiment (red) (MTD = 4.6 days), See 
‘Materials and Methods for details. The bar beneath the 
raph approximates the period at which pla induction ends 
and repression begins. 


plague may help explain how 2 pestis acquired 
the ability to cause a rapid, severe respiratory 
infection and be transmitted from person to 
person by the aerosol route, whereas ¥: pret 
tuberculosis anxl ¥. enterocolitica did not. Inter- 
cstingly. the altered syndrome we observed with 
strain is similar to case descrip 
tions from the early 20th-century Manchurian 
epidemics in which aerosol-acquired plague re- 
sulted in fatal sepsis botine a local hung disease 
could develop (22). 

‘The critical role for Pla suggests that its 
inhibition could offer a therapeutic advantage. 
particularly because the rapid progression of 
pneumonic plague leaves litle time for effective 
treatment, We tested this experimentally by in- 
fecting mice with the Pla-inducible 1 pestis 
strain YPI38 prepared in the presence of ATC. 
We then provided ATC to the animals for only 
the first day of the infection, allowing the ATC 
tobe cleared and pla expression to be repressed 
for the remainder of the experiment. The time 
until death was delayed when the Pla-induced 
state Was switched to a Pla-repressed state dur- 
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ing the infection (Fig. 4D): in fact, the kinetics 
more closely resemble those of a Apla infoe- 
tion, This suggests that exogenous inhibition of 
Pla during primary pncumonic plague may in- 
deed prolong the survival of the affected in- 
dividual, expanding the window during which 
antibiotics could be successflly administered 0 
‘eat the disease. 
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A Virus in a Fungus in a Plant: 
Three-Way Symbiosis Required for 


Thermal Tolerance 


Luis M, Marquez, Regina S. Redman? Russell J. Rodriguez,?* Marilyn J. Roossinck™ 


‘A mutualistic association between a fungal endophyte and a tropical panic grass allows both 
organisms to grow at high soil temperatures. We characterized a virus from this fungus that is 
involved in the mutualistic interaction, Fungal isolates cured of the virus are unable to confer 
heat tolerance, but heat tolerance is restored after the virus is reintroduced. The virus-infected 
fungus confers heat tolerance not only to its native monacot host but also to a eudicot host, 
which suggests that the underlying mechanism involves pathways conserved between these two 


‘groups of plants. 


wdophytic fungi commonly grow within 
some cases, as they allow plant adaptation 
to extreme environments (/). A. plant-fungal 
symbiosis between a tropical panic grass from 
geothermal soils, Dichunthelium lanuginasum, 
and the fungus Curvularia proniberata allows 
ms to grow at high soil temperatures 
mie National Park (YNP) (2). Fick 
and laboratory experiments have shown that 
‘When root zones are heated up 10 65°C, non: 
symbiotic plants either become shriveled and 
chlorotic or simply die, whereas symbiotic plants 
tolerate and survive the heat regime. When 
grown separately, neither the fungus nor the plant 
alone is able to grow at temperatures above 38°C 
but symbiotically, they are able to tolerate ek 
vated temperatures. In the absence of heat stress, 
symbiotic plants have enhanced growth 
compared with nbiotic plants. and also 
nt drought tolerance (3), 
Viruses oF mycovinuses can modulate 
gal symbioses. The best known exam 
pole of this is the hypovirus that attenuates the 
yypovinulence) of the chestnut blight 
fungus, Cryphonectria parasitica (4), Virus rez 
lation of hypovirulence has been demonstrated 
experimentally in several other pathogenic fing 
(5-8), However, the eflect of 
‘mutualistic fungal endophytes is unknown, There 
is only one report of a mycovinus from the well 
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known mutualistic endophyte, Epichlo festucace 
but no phenotype has been associated with this 
virus (9) 

Fungal virus genomes are commonly com- 
posed of double-stranded RNA (dsRNA) (10), 
nokeules of dsRNA donot normally 
erefore, their presence 
isa sign of a Viral infection (9). Using a protocol 
for nucleic acid extraction with enrichment for 
ASRNA (J/), we detected the presence of a Virus 
in C promberata. The dsRNA banding pattem 
nsists of two segments 0 2.2 and 1.8 kb. 
A smaller segment, less than 1 kb in eng 
Variable in presence and size in the isolates 
analyzed and, later, was confirmed to be a sub- 

enomic eke 
(fig. SI and Fig. 1, A 
random he 


mi B). L 
mer primers, We tr 
vvius with reverse transcriptase (RT), 


amplification and cloning. Sequence 
revealed that cach of the two RNA segments 
contains two open reading 


Fig. 1. Presence or absence of 
‘CTHTV in diferent strains of C. 
protuberata, detected by ethid- 
ium bromide staining (A), 
Norther biot using RNA 1 (B) 
and RNA 2 (C) transcripts of 
the virus as probes, and RT- 
PCR using primers specific for 
a section of the RNA 2 (D). The 
‘isolate of the fungus obtained 
by sectoring was made vinus- 
free (VF) by freezing-thawing. 
The virus was reintroduced into 


$2). The 2.2-kh fragment (RNA 1) is involved in 
Virus replication, as both of its ORFs are similar 
to viral replicases. The first, ORF Ia, has 2% 
amino acid sequence identity with a putative 
RNA-dependent RNA polymerase (RURp) fiom 
the rabbit hemorthavie disease virus. The amino 
acid sequence of the sevond, ORFID, has 3 
identity with the RARp of a virus of the fungal 
pathogen Diseula destructiva, These two ORFs 
overlap and could be expressed as a single 
protein by frameshifting, a common expression 
roplicases. The two ORFs of 
similarity to any protein with 
As in most dsRNA mycovi 


known function, 
ruses, the 3° ends 21 bp) of both RNAs are 
conserved. Virus particles purified from 


protuberata ane sim 


to those of other fungal 
ind ~27 nm in diameter (fig. 
'83), This virus is transmitted vertically in the 
conidiospores, We propose naming this. virus 
Curvularia thenwal tolerance virus (CTATV) to 
reflect its host of origin and its phenotype. 

The ability of the fungus 10 co 
tolerance 10 its host pla 
presence of CTT. WiklAype isolates of ¢ 
protuberata contained the virus in high titers, a 
evidenced by their high concentration of dsRNA 
(-2 jgig of lyophilized mycelium), However, an 
isolate obtained from scctoring (change in 
morphology) of a wild-type colony contained a 
very low titer of the virus, as indicated by at low 
concentration of dsRNA (-0.02 ip/g of lyophi 
lized mycelium). These two isolates were iden- 
tical by simple sequence repeat (SSR) 
with 1wo single-primer polymerase chi 
tion (PCR) reactions and by sequence analysis of 
the sDNA ITS1-S.89-ITS2 region (igs: S4 and 
'S5), Desiccation and freezing-thawing eycles are 
known to disrupt vinus particles (/2) thus, my. 
cclium of the isolate obtained! by sector 


uses: spheric 


eat 
is related 10 the 


B c D 


bp 


Nils 


the virus-free isolate through hyphal anastomosis (An) with the wild type (Wt. The wild-type isolate of 
the fungus sometimes contains a subgenomic fragment ofthe virus that hybridizes to the RNA 1 probe 


(arrow). 
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lyophilized, frozen at 80°C, and subcultured to by dsRNA extraction, Northern blotting, RE-PCR — perimentally the ability of the wikl-type and 
cure it completely of the virus. The complete (Fig. 1), and electron microscopy (no particles 
absence of CTHTV in this isolate was confirmed were observed in four grids). We assessed ex 


five isolates to confer heat tolerance by 
thermal soil simulators (2, J), Phants inoc: 
ulated with the virus-infected wild-type isolate of 
the fungus tolerated intermittent soil lemper: 
as high as 65°C for 2 weeks (10 hours of heat per 
day), whereas both nonsymbiotic plants and 
yeulated with the virus-free isolate of 
shriveled and chlorotic and 


Fig. 2. (Top) Representative 
_. lanuginosum plants after the 
heat-stress experiment with 
thermal soil simulators, Rhizo~ 
sphere temperature was main- 
tained at 65°C for 10 hours and 
37°C for 14 hours/day for 14 
days under greenhouse condi- 
tions. ants were nonsymbiotic 
(NS) and symbiotic with the 
wild:type virus-infected isolate 
of C protuberata (Wt), the 
ygromycin-resistantsolate new- 
ly infected with the viru through 
hyphal anastomosis (An), or the 
virus-free hygromycin-resistant 
isolate (VP. Bottom) The histo- 
gram presents the number of 
plants chlorotic, dead, and alive 
at the end of the experiment. 
The small leters on top of the 
bars indicate statistical differ- 
ences or similarities (chi-square 


test, P< 0.01). fa 
isolates obtained in this way were servened for 


their dsRNA profiles, but only one was found to 
have acquired the virus (Figs. 1 and 3B). This 
fimgal isolate, newly infected by hyphal anasto- 
mosis with CTHTV (An), was tested for its ability 


To confinn that CTATV was involved in heat 
the plant-fungal symbiosis, we rein. 
twduced the virus into the vin al 
and tested its ability to confer heat toler 
ance, To provide a selectable marker, the virus 
five isolate was transformed with a pCT74 vector 
ing a hygromycin-resistance gene (/3) 
by restriction enzyme-mediated inte 
(REMI) tansformation (4), Virus-containing 
wildtype hygromyein-sensitive (Wi) and virus 
five hygromycin-resistant (VF) isolates of 
C promberaua were cultured on single Petri 
dishes and allowed to undergo hyphal fusion 


or anastomosis (Fig. 3A). The mycelium from 


the area of anastomosis was subcultured twice 


\ith single conidiospores grown on hygromycin- 


ining plates. Thiny-five hygromyecin-resistant 


Fig. 3. (A) Anastomosis 
of the wild-type. virus- 
infected isolate of C. pro- 
tuberata (WY) and the 
virus-free hygromycin: 
resistant isolate (VF) to 
produce a. vinusinfected 
hyoromycin-resistant iso 
late (An). (B) Alter single 
spore isolation to prodice 
pure cultures, the isolate 


to confer heat tolerance by the stme experimental 
approach indicated above, The heatstress exper 
iment confirmed that the isolate newly infected 
with CTHTV confers the same level of heat tl 
as that conferred by the wild-type isolate 


Fig, 2) 

Previously, we found that some beneficial 
newly infected with the axlophiytes isolated fom monocots cou be 
virus (An) retained the transferred w eudicots and still funetion as 
hhygromycin-resistance and mutualists (3). Thus, we tested the ability of the 
the morphology of the VF isolate. protuberata isolates to confer heat tokrance 

tomato (Solanum bs 


ypersicon). Using 
for the be 


slightly 
stress experiment 


Fig. 4. (Top) Representative to- 
mato (Solanum tycopersicon, var. 
Rutgers) plants after the heat-stress, 
experiment. Plants were non- 
symbiotic (NS) and symbiotic with 
the wildtype virus-infected isolate of 
protuberata (Wt), the hygromycin- 
resistant isolate newly infected with 
the virus through hyphal anastomo- 
sis An) or the virus-free hygromycin- 


modified prote 


(1), we oblained similar results to those obtained 
with D. fanuginasum (Fig. 4). However, i was not 
possible to attain 100% fimgal colonization of 
tomato plants (//), and this may explain the 
higher proportion of dead plants colonized with 
the Wor An fungus, compared with the 
18 experiment using D. Januginasum. Given that C 
1 protuberata, when infected with CTHTY, provides 
simiar mutualistic benefits to both a 


resistant isolate (VF). Rhizosphere 14 Lpeesreped 
temperature was maintained at ae pieced RE oesetet het eid 
65°Cfor 10 hous andambienttem- © mechanism is conserved between these two 
perature (26°C) for 14 hoursday for 10 groups of plants. 
14 days under greenhouse conde 3 8 Plants inoculated with C: promberata in: 
tions, (Bottom) The histogram Sg fected with CTHTV do not activate their sitess 
presents the number of plants dead response system in the usual way. For example, 
(white) and ative (black) at the end # the esmolyte concentration in these plants does 
of the experiment. The small letters. 2 not inerease a a respons 10h 
on top ofthe bars indicate statist the levels are constitutively higher than in plants 
Cal differences or similarities (Fsher's we ie VF nS colonized with the vinis-fiee isolate oF the non 
exact tes, P< 0.05). Treatments symbiotic plants (fig. $6). It has been bypoth- 
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sized that endophytes may protect their host 
plants by scavenging the damaging reactive 
‘oxygen species (ROS) generated by the plant 
defense mechanisms in response to environ- 
mental stress (/5). The leaves of nonsymbiotic 
plants generated detectable ROS when stressed 
With heat, whereas those of symbiotically 
colonized plants did not (table SI). However, 
there was no difference in the ROS response 
to heat between plants inoculated with the 
virus-free and the CTHTV-infected isolates of 
€. protuberata, 

‘Complex tripantite symbioses have been found 
among arthropods, bacteria, and mutualistic bax 
leriophages (6, 17). This study reports three- 
mutualistic symbiosis involving a virus, a 
endophyte, and cither a monocot or cuxticot 
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The Neural Basis of Loss Aversion 
in Decision-Making Under Risk 


Sabrina M. Tom,* Craig R. Fox,’ Christopher Trepel,? Russell A. Poldrack™*** 


People typically exhibit greater sensitivity to losses than to equivalent gains when making 
decisions, We investigated neural correlates of loss aversion while individuals decided whether to 
accept or reject gambles that offered a 50/50 chance of gaining or losing money. A broad set of 
areas (including midbrain dopaminergic regions and their targets) showed increasing activity as 
Potential gains increased. Potential losses were represented by decreasing activity in several of 


these same gain-sensitive areas. Finally, i 
predicted by a measure of neural loss aversion 
and prefrontal cortex. 


‘any decisions, such as whether to ine 
Mics atstitorinas 

new job, involve the possibility of 
ixaining or losing elative to the status quo. When 
faced with such decisions, most people are 
markedly risk averse. For instance. people typ- 
lly reject xambles that ofler a $0/S0 chance of 
gaining o losing money, unless the amount that 
‘could! be gained is at least twice the amount that 
‘could be lost (eat, a 50/50 chance to either gain 
$100 or lose $50) (/). Prospect theory. the mast 
successfll behavioral mode! of decision-making 
under tisk and uncertainty (/, 2), explains risk 
aversion for “mixed” (yain/loss) gambles using 
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vidual differences in behavioral loss aversion were 


several regions, including the ventral striatum 


the concept of loss aversion: People are mone 
semsitive to the possibility of losing objects or 
money than they are to the possibility of gaining 
the same objects or amounts of money (/. 3-5). 
Thus, people typically require a potential gain of 
at Ieast $100 to make up for exposure 10 a 
potential loss of S30 because the subjective 
impact of losses is oughly twice that of gains, 
Similarly, people demand substantially more 
money to part with objects that they have been 
given than what they would have been willing to 
Pay to acquire those objects in the first place (6). 
Loss aversion also has been used to explain a 
wide range of economic behaviors outside the 
laboratory (7. 8). Further, loss aversion is seen 
trading behavior of both children as young asa 
five (Y) and capuchin monkeys (/0), which sug- 
‘gests that it may reflect a fimdamental feature of 
how potential outcomes are assessed by the 
primate brain, 

Previous neuroimaging studies of responses 
to monetary gains or losses have focused on ac- 
tivity associated with the anticipation of im- 


‘mediate outcomes “anticipated” utility) U7, 12) 
for the actual experience of gaining oF losing 
money ("experienced utility) (7, 13, 14) rather 
than specifically investigating which brain sys- 
{ems represent potential losses versus gains when 
a decision is being made (“dccision” utility), Be- 
hhavioral researchers have shown that anticipated, 
experienced, and decision utilities often diverge 
in dramatic ways, which ntises the possibility that 
the corresponding brain systems involved may 
also differ (7), In the current study, we aimed to 
isolate activity associated with the evaluation of a 
gamble when choosing whether oF not to accept 
it (ic, decision utility) without the expectation 
that the gamble would be immediately resolved 
This allowed us to test whether neural responses 
during the evaluation of potential outcomes are 
similar 10 pattems previously reported in studies 
‘of anticipated and experienced outcomes. 

One fundamental question for the study of 
decision-making is whether loss aversion reflects 
the engagement of distinet emotional processes 
‘when potential losses are considered. I has been 
suggested that enhanced sensitivity to losses is 
driven by negative emotions, such as fear or 
anxiety (76). This notion predicts that exposure to 
increasing potential losses should be associated 
\ith increased activity in brain structures thought 
‘to mediate negative emotions in decision-making 
[such as the amygdala or anterior insula; compare 
with (/7, 18)}, Altematively, loss aversion could 
reflect an asymmetric response 10 losses versus 
gains within a single system that codes for the 
subjective value of the potential gamble, such 
as ventromedial prefiontal cortex (VMPFCY 
orbitofrontal contex (OFC) and ventral stratum 
(U1,19,20) 

To examine the neural systems that process 
decision utility, we collected functional magnetic 
resonance imaging (FMRI data while partici- 
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TS 


Bb cr OF 


pants decided whether to 
ambles that offered a 50/50 chance of either — stea 


scept or reject mixed creased (avera in). In- the best possible gambles (yain: $34 10 S40; loss 
@ group of brain © the $5 t0 $8), Ina whole-b 
nount of money or losing another striatum, VMPFC, ventral ACC, and medial n0 reg 
1A) (2). To encourage participants OFC, most of which: sambles as compared to that 
to reflect on the subjective attractiveness of cach decreasing activity as the size ofthe potential loss for the best gambles (corrected P > 04 in a 
gamble rather than to rely on a fixed decision increased (Fig. 2 and fig $3). A conjunction voxels by means of randomization tests). Given 
rule, we asked them to indicate one of four re-analysis between increas insand the specific prediction regarding loss-related ac 
sponses to cach gamble (strongly accept, weakly decreasing activity for losses demonstrated joint tivity in the amygdala and insula based on pre- 
ly ject). In sensitivity to both g 


gions includ alysis, there were 


amount (Fi 


ons that showed significantly more ac 


Iso coded for gains, showed tivity for the worst 


activity for: 


accept, weakly reject, 


s and losses in a set of vious studies of experienced utility and risk 


onder fo allow for separate estimates of ncural regions, including the dorsal and ventral striatum aversion (//, 14), we performed further analyses 
responses to gains and losses, the sizes of the and VMPFC (Fig. 3 and table SI), that focused on these areas, Even ata very liberal 
potential id loss were manipulated inde In order to ensure that potential loss-related uncorrected threshold of P< 0.01, there were no 
pendently, with gains ranging from S10 to $40 (in responses were not being obscured by the overall significant voxels in the amygdala and only wo 


increments of $2) and losses ranging fro 


$510 positive expected value of the gambles, we — single unconnected voxels in the insula, By com 
$20 (in increments of S1), We chose these ranges compared activity evoked by the worst possible parison, at the same threshold, there were lan 
because previous studies indicate that people are tivation for the best versus the worst 


mbles (gain: $10 10 $16; loss: $1710 $20) and clusters 0 


onaverage, roughly twice as sensitive to losses.as 
to gains (1, 5}; thus, we expected that, f 
participants, this range of gambles would elicit a 
wide range of at 


to indifference to strong rejection, To introduce 


Fig. 1. (A) An illustra- A Tine 
tion of the event-related 
taskdesign. Duringeach 4] 44 - 
trial, the participant was ‘eeponse”* Variable 
incentive-compatible payofls, we endowed par presented for 3's with a ‘nvorval ist 
ticipants with $30 one week before scanning and Gisplay showing the size (secs) (mean 26 secs) 
told participants that one decision from cach of of the potential gain (in 
three scanning runs would be honored for real green) and toss (in red). 
money. After the accept or reject 
joral sensitivity to gains response, a variable intr. 
and losses by fitting a ke val was presented to allow 
paicipant’s acceptability ju for optimal deconvolution 
during scanning, using the size of the ‘of MARI responsesto each 
bs. Based on this tral (27), Gambles were 
analysis, we computed a measure of b ‘ot resolved during scan- 
Joss aversion 2. as the ratio of the (absolute) loss Ning. The values of gain 
and loss for each tial 
were sampled from the 
‘gairvtoss matrix, as shown 
here for two example 
gambles: a gamble from 
‘each cell in this 16 x 16 
matrix was presented dur- 


ues, from stro 


acceptance 


Potential gain’ 49 


We assessed be 


istic regression to ¢ 


Toss. as independent. v 


response to the 
median 4 
ing is consistent with the observations that par 
ticipants Were, on average, indifferent to gambles 
in which the potential gain was twive the amount 
ofthe potential loss (Fig. 1B) and that participants 


were slower io decide whether OF not 10 A> fag seaming, but the data 

these gambles (Fig. 1C). These behavioral data ere collapsed into a 4 > 

also accord well with previous findings (7, 5). matrix for analysis. All r| ry 
We first analyzed the imaging data to identify combinations of gains and Potential Gain ($) Potential Gain ($) 


brain regions whose activation correlated with — {osses wete presented. ISI, 
the size ofthe potential gain or loss, using part interstimulus interval. (B) Color-coded heatmap of probability of gamble acceptance at each level of 
Inetric regressors(2/). This analysis isolated a set gaimvloss (red indicates high willingness to accept the gamble, and blue indicates low willingness to 
of regions responsive 10 the size of potential accept the gamble). (C) Color-coded heatmap of response times (red indicates slower response times, 
bles (averaging over and blue indicates faster response times). 


gains when evaluatin 


levels of loss) (Fig. 2 and fig. $2). The g 


responsive network included regions previously 


shown to be Fig. 2. Whole-brain 


analysis of parametic re 
sponses to size of poten 
tial loss (left) or gain 
(right. Statistical. maps 
were projected onto. an 
average cortical surface 
ins increased. ayn te ose bsnl 
IF loss aversion is driven by a negative af Gat" mapping in CARET 
fective response (e., fear, vigikinee, discom- Software’ (28); coronal 
fort) then one would expectincreasing activity in fges (y = 10) are. in 
bain regions associated with these emotions as Cluged to show ventral 
the size of the potential loss increases. Contrary stiatal activation. All maps 
to this prediction, no brain re are corrected for multi- 

activation during evaluation ple comparisons at the whole-brain level by means of cluster-based Gaussian random field correction (29) 

at P< 0.05. LH, left hemisphere; RH, right hemisphere. 


saciated with the anticipation and 
receipt of monetary rewards, including the dorsal 
and ventral striatum, VMPFC, ventrolateral PFC, 
Werior cingulate cortex (ACC), OFC, and 
dopaminergic midbrain regi 
regions that showed decreasing, 


nificantly increas 
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gambles in the ventral striatum and VMPFC. Al- 
tho results in {MRI must be interpreted 
with ca 


the conclu 
by the same me 
separate mechanisms, Moreove 
gate representation of decision utility appears 
to be represented by the same neural circuitry 
ged by a range of experienced re- 
These results support previous 
showing increased and decreased ac 
the striatum for experienced monetary 


that is © 
wards (1) 
studies 
tivity 


ferences in brain activity during d 
‘were related to individual differences in behavior, 
using whole-brain analyses to identify regions 
where the neural response to gains oF Losses was 
corlated with behavioral loss aversion, Unes. 
pectedly, greater behavioral loss. aversion was 
associated with greater neural sensitivity not onky 
to losses but also to gains, For increasing gains, 
we observed ant correlation with 
behav io 


signifi 


Joss aversion in the sensorimotor 
I cortex (fig, S4), On 
the other hand, as potential losses ine 


cortex and superior fron 


extensive set of arvas showed & more 1 


decreas 
individu 
Notably, these 
the areas that showed 


The association of decreased beh 


aversion with decreased neural responses 0 
both losses and gains durin on-mnaking is 
consistent with the long-standing notion that 
some forms of risk taking may have their roots 
in sensation secking by individuals who have a 
diminished physiological response to stimula 
tion ( 

Examination of regions of interest in the 
striatum and VMPFC from the 
junction analysis (Fig. 3) 1 


deci 


alivloss con 
aled that these 


Fig. 3. Conjunction analysis re A 
sults. (A) Map showing regions with 
conjointly significant positive gain 
response and negative loss response 
 < 0.05, whole-brain corrected, in 
each inividual map) (ee also table 
S). Red pixels indicate regions 
shawvng significant conjunction; green 
Circles highlight clusters included in 
the respective heatmaps tothe right. 
1 eft; R, right. (B) Heatmaps were 
created ‘by averaging parameter 
estimates versus baseline within each 
cluster in the conjunction map for 
each of the 16 cells (of 16 gambles 
each) in the gairvioss matrix: color 
coding rellects strength of neural 
response for each condition, such 
that dark red represents the stron- 
gest activation and dark blue repre- 
sents the strongest deactivation. 


regions exhibited a patter of “neural loss aver- 
sion”; that i, the (negative) slope 0 
in activity for increasing losses was greater than 
the slope of the increase in activity 

ns in a majority of participants (striatum: 
14 out of 16 participants, P 


the decrease 


0.004; VMPEC: loss 
participants, P = 0,021). In onder to more directly 
assess the relationship between neural less aver- 
sion and behavioral loss aversion, we performed 
a whole-brain robust regression analysis with 
these measures (2/). This evealed 
ations between behavioral and 
on in several regions, including 
bilateral ven jum (Fig. 4), bilateral lates 
and superior PFC (pre-supplementary mot 
area), and right inferior parictal cortex (figs. S6 
and S7 and table $2). These results demonstrate 


gain for 13 out of 16 


neural loss aver 


The present study replicates the common 
behavioril patter of isk aversion for mixed 
unibles that offer a $0/S0 chance of gaining or 
money and shows that this patiem of 


sensitivity t potenti 
results provide evidence in favor of one of the 
fundamental chims of prospect theory (I, 2), 
namely that the function that maps money 10 
subjective value is markedly steeper for losses 
than gains [see also (4)]. Moreover, mediation 
lysis (21) suggests that individual differences 
on (as inferred by will 
ygness to accept mixed gambles) are driven 
primarily by individual differences in neural sen- 
sitivity 10 potential losses. Although the present 
study focuses on loss aversion in the context 
xed gambles, recent work has foun! that the 
coefficient of loss aver 
ivity 10 losses versus 
nd riskless contexts (23), Therefore, 
we surmise that a similar mechanism may con: 
tribute o other manifestations of loss aversion, 


Stratum 
5 20 
aaa 
1s| 
a 
0 2 wD 


Potential Gain ($) 
Vertromecial pretrontal cortex 


ie, 
al 
o 0 0 


Potential Gain () 


behavioral loss aven 


across risky 


Previous studies have shown that anticipated 
cor experienced losses give rise to activation in 
regions that have been associated with negative 
“enotions, such as the amygdala or anterior insu 
(U1, 17, 18). ln contrast, the present study dem- 
‘onstrates that, in the context of decision-maki 
potential losses are represented by decreasing 
activity in regions that seem to code for sub- 
jective value rather than by inereasing activity in 
regions associated with negative emotions, This 
difference between present and previous results 
R importance of distinguishing 
among experienced, anticipated, and decision 
utility in eoonomic theories of choice (15). It is 
possible that amygd nent for ex- 
perienced losses reflects negative prediction error 
(11, 24) rather than negative value, whereas the 
lack of immediate outcomes in the present study 
(which was designed to isolate decision utility) 
prccludes the computation of prediction errors 


The neural basis of decision under risk was 
investigated in a recent study by De Martino 
et al. (25), who found that amygdala activity 


correlated with choices of risky gambles framed 
as losses and sure outcomes framed as 
However, the reflection in_risk attitudes: when 
moderate-probability gamblesare framed as losses 
Versus gains his been attributed in prospect theory 
primarily tothe reflection in curvature ofthe value 
function for losses versus gains (2) and sccondar 
ily to distortions in probability weighting rather 
than to loss aversi ist, we asked partic 


pants in the present study to evaluate balanced 
(50/30) gainloss gambles, which allowed us 10 
isolate the role of loss aversion, Thus, although 
amygdala activation may play a role in some 
decisions under risk, it does not appear to be a 
necessary component in loss aversion, 


= 0.85, P< 0.001 


Behavioral loss aversion (I(A)] 
° 


6 


00-80 100 
‘Neural loss aversion {(-..)~ 


780 
Baur 


Fig. 4. Scatterpot of corespondence between neu 
ral los aversion and behavioral loss aversion in 
ventral striatum [Montreal Neurological Institute 
coordinates (,y, 2): 36, 63, 3:9; center of gravity 
in milimeters), Regression line and P value were 
computed with the use of robust regression by 
iteratively reweighted least squares to prevent the 
influence of outliers; however, this regression also 
remained highly significant (P = 0.004) when the 
extreme data point (top right-hand corner) was 
removed from the analysis. Bigs and Pin are the 
unstandardized regression coefficients for the loss 
and gain variables, respectively 
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‘The present results illustrate how neuroim- 
aging can be used to directly test predictions 
stemming from behavioral theories: in this case, 


the prediction fom prospect theory that risk 


aversion for mixed gambles can be attributed to 
‘enhanced sensitivity to losses, Neural loss aver= 
sion was observed throughout, though not strict- 
ly limited to, the targets of the mesolimbic and 
rmesocortical dopamine (DA) systems. Its tempt- 
ing to speculate that individual differences in 
bochavioral and! neural loss aversion observed in 
the present study may be related to naturally o&- 


ystem and personality traits such as impul- 
and risk taking remains largely unknown 
(26). Fumer, the diminished neural sensitivity 
to losses among individuals who were less loss 
averse (i... more risk seeking) may shed light 
‘on a number of neuropsychiatric and behay= 
ioral disorders, such as substance abuse, path= 
ological gambling, and antisocial personality 
disorder, that are associated with increased risk 
taking and impulsive behavior. This suggests 
that studies integrating methods from behavior 
al economics and cognitive neuroscience may 
provide greater insight into the nature of these 
disorders, 
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Asymmetric Inheritance of Mother 
Versus Daughter Centrosome 
in Stem Cell Division 


Yukiko M, Yamashita,**t Anthony P, Mahowald,” Julie R. Perlin,* Margaret T. Fuller™™+ 


‘Adult stem cells often divide asymmetrically to produce one self-renewed stem cell and one 
differentiating cell, thus maintaining both populations. The asymmetric outcome of stem cell 
divisions can be specified by an oriented spindle and local self-renewal signals from the stem cell 
niche, Here we show that developmentally programmed asymmetric behavior and inheritance of 
mother and daughter centrosomes underlies the stereotyped spindle orientation and asymmetric 
‘outcome of stem cell divisions in the Drosophila male germ line. The mother centrosome remains 
anchored near the niche while the daughter centrosome migrates to the opposite side of the 


cell before spindle formation. 


dult stem cells maintain populations of 
highly differentiated but short-lived 
ells throughout the lite of the orga- 


nism, To maintain the eritical balance between 
stem cell and differentiating cell populations, 
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stem cells have a potential to divide asymmet- 
producing one stem and one differen- 


Tinting cell (J). The asymmetric outcome of 


stem cell divisions ean be specified by regulated 
spindle orientation, such that the two daughter 
cells are placed in diflerent micoenv ironments 
that either specify stem cell identity (stem cell 
niche) or allow differentiation (2, 3), 
Drosophila male germline stem cells (GSCs) 
are maintained though attachment to somatic 
hub cells, which constitute the stem cell niche. 
Hb cells secrete the signaling ligand Upd, which 
activates the Janus kinase-signal transducer and 
activator of transcription (JAK-STAT) path- 
Way in the neighboring gemn cells to specify 
stem cell identity (4, 5). Drosophila male GSCs 


nonmally divide asymmetrically, producing one 
stem cell, which remains attached 0 the hub, 
and one gonialblast, which initiates differentia- 
tion, This stereotyped asymmetric outcome is 
controlled by the orientation of the mitotic 
spindle in GSC The spindle lies perpendicular 
to the hub so that one daughter cell inherits the 
attachment to the hub, whereas the other is dis- 
placed away (6). 

The stereotyped orientation of the mitotic 
spindle is set up by the positioning of eentro- 
‘somes. during interphase (Fig, 1A) (6). GSCs 
remain oriented toward the niche throughout the 
cell cyck. In Gy phase, the single centrosome is 
Jocated near the interface with the bub. When the 
duplicated centrosomes separate in Gg phase, one 
stays next to the hub, whereas the other migrates 
to the opposite side of the cell, Centrosomes 
in the GSCs separate unusually early in inter= 
phase, rather than at the Gy-prophase transition, 
s iis common to see GSCs with fully separated 
centrosomes without a spindle (of >$00 G 
the 0- to 34lay-old makes counted, ~40% 
GSC had two centrosomes that were sepstrated 
to opposite sides of the cell, but no spindle was 
yet assembled) (6), 

Differences between the mother and daughter 
centrosomes underlie the stereotyped behavior 
of the centrosomes in Drosophila make GSCs 
‘The mother centrosome normally remains an- 
chored to the hub-GSC interface and is inherited 
by the GSC, whereas the daughter centrosome 
moves away from the hub and is inherited by 
the cell that commits to differentiation. Mother 
and daughter centrosomes. were differentially 
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labeled by transient expression of green fluores- 
cent protein-pericentriv AKAPSS0. Cer 
(GEP-PACT) from the Drosophila pericentsn 
like protein (7) under heat shock-Gal4 control 
(8). The PACT domain, which is necessary and 
suflicient for centriolar localization, 


porated into centrioles only during centrosome 


ss not exch the 
cytoplasmic pool (7). Both the mother and 
di labeled by GFP. 
PACT in the first cell cycle affer beat shock 
(Fig. 1B). In the second cell eye, the daughter 
PACT. 
mother centrosome isnot labeled, thus distinguisl 
ing the mother and daughter 
1B), After a short burst of GEP-PACT expres: 


induced by a 2 


duplication and di 


aughier centrosomes are 


centrosome retains GFP. whereas the 


centrosomes (Fig, 


S-hour heat shock, 20 to 
the GSCs had GFP-labeled centrosomes, 
indicating the duplicat 
ing the window of GEP-PACT expression. By 
hours after heat shock, >90% 
GSCs had two GFP-positive centrosomes, in- 
dlicating that they had pr 
phase of the first cell eycle after GFP-PACT in- 
corporation (Fig. 1, C and E), 

By 1810 24 hoursafterheat shock, the number 
of GSCs with two GFP-positive centrosomes had 


n of centrosomes dur. 


of the labeled 


ssed 10 the Gy 


dgcreased, whereas the number of GSCs with one 
GFP-positive and one GEP-ne 


had increased, sug, Ho the 


Fig. 1. GFPeabeled daughter centro 
Somes migrate away from the riche 
(A) Stereatyped positioning of cen- 
trosomes in male GSC during inter 
phase sets up the orientation of the 
mitotic spindle [adapted from (6)]. 
Red, centrosome; blue, hub; green, 
tubulin, (B) Puse-chase strategy to 
label the daughter centrosome. Each 
centrosome (cirle) contains two cen 
troles (ovals numbered in order of 
generation). Transient expression of 
GFP-PACT labels newly assembled 
centrioles (). In the fist cell cle 
after the GFP-PACT pulse, both the 
mother (143) and daughter (243) 
centvosomes are GFP-positive. In the 
second cell cycle, the mother centro- 
somes (144 of 2+4) are GFP-negatve 
whereas the daughter centrosomes 
(3+4) are GFP-positive. (€ and D) 
Testis tips with labeled GSCs (dotted 
outline inthe Gp phase ofthe first cll 
cycle after the GFP-PACT pulse [(O, 12 
hours after heat shock] or the second 
cell cycle [(0), 24 hours after heat 
shock]. Green, GFP-PACT; red, y- 
tubulin (centrosomes are shown with 
arrowheads) and asi (hub, H); blue, 
Vasa (germ cells). Sale bar, 10 um. 
(E) Frequency of label outcomes over 
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second cell cycle. Generally, the centrosome distal 
wo 
proximal to the hub was GEP-ne 
GSCSii 

indicat 


hhub was labeled, whereas 


he second cell cycle) (F 


metric GSC divisions 
Labeling the mother rather than the dau 


centrosomes confirmed t 
niche preferentially ret 


Gald driver to. 


the expression of GFP-PACT 
off after 
9). In the first cell eycle 


after the depletion of the cytoplasmic pool of 
GFP-PACT in the GSCs, both the mother and 
daughter © nes should be labeled. In 


ly the mother centr. 
2A) 


the second or later cell 


subsequent cell eyeles, 
kd be labeled (F 
In most GSCs 


somes sho 


cycle after the depletion of cytoplasmic GEP- 


PACT, the labeled centrosome was positioned 


next to the hub-GSC interface, and the unla- 


n the 
£GSCs 


beled centrosome had moved away 
hub (Fig. 2, B and C). The frequency 


that had the proximal, but 1 


distal, cont 
some labeled remained constant over time for 
10 days (L3 larvae to 


ing somes are reliably 


TODOS 


Merged+Vasa 


retained by the GSCs, even through multiple 
rounds of GSC divisions, Some GSCs main: 
tained cytoplasmic GFP-PACT, especially in L3 
xesting that the GEP-PACT had 
yet been diluted out (Fig, 2C 
We abo observed some GSCs with 1Wo labeled 
hat they 


ot 
green column), 


somes, SU are in the 


first cell cycle after the depletion of cytoplasmic 
GFP-PACT (Fig. 2 
The mother centrosomes in GSCs ap. 


red columns), 


peared 10 maintain ro 
tubule Ultrastructural 
GSCs revealed that the centrosome proximal 10 
the hub was commonly associated with many 
mic yout the cell cyele. Ninsteen 


ust interphase micro: 


arrays, alysis of the 


tubules thro 


centrosomes in GSCs were scored in serial 
apical tips of tive wildaype 
testes. Eleven centrosomes were localized close 
to the adherens junctions between the hub and 
the GSCs, Nine of these proximal centrosomes 
appeared to be in interphase cells, based on 
nuclear momhok 


sections of the 


ment. Typically, these interphase centrosomes 
proximal to the hub were associated with nut 
g. 3A and fig, SIA), In 


some samples, microtubules appeared to extend 


toward the adherens 
The other 


junctions (Fig. 3 


arrowheads) 
wo proximal centrosomes appeared to be in 
cells in mitotic prophase (fig, SHB), based on 


Tstelteycle 2nd cal eye 


y tubulin, Fasill GFP-PACT 
c ic Ic 
H *> , FS 
- - , 
D D D 


time after heat shock. Blue, GSCs in the first cell cycle (two labeled, oriented 
centrosomes); red, GSCs in the second cell cycle (one labeled and one 
unlabeled centrosome) with the labeled (daughter) centrosome distal from 
the hub. Rarely observed outcomes were pink, the first cell cycle, with nether 


= Loja morner 
voupier \ ams 
Both labeled 
Daughter labeled 


‘2nd cycle 


Ly 


Frequency (% labeled GSC: 
Ey 


‘Time post heatshock (hrs) 


centrosome next to the hub; black, the second cell cycle, with the mother 
centrosome distal to the hub; green, the second cell cycle, with neither 
centrosome next to the hub. Only those GSCs that had two centrosomes, with 
cone or both centrosomes labeled with GFP-PACT, were counted, 
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tubulin, Fasill 


‘2nd call cycle and later 


Mother 
= = 
forever 
Matter \\ Mother 
Gs cs) 
icine «= Sages Satie 


Fig. 2. Male GSCs in the niche maintain centrioles assembled many cell 
generations earlier. (A) Strategy to label the mother centrosome: GFP- 
PACT expressed during early embryogenesis using the NGT40 driver 
marks the centrioles (1 and 2) retained in the mother centrosomes after 
the depletion of cytoplasmic GFP-PACT. (B) Testis tip from a newly eclosed male with 
GSCs containing GFP-tabeled mother centrosomes proximal to the hub-GSC inter- 
face. Red, y-tubulin (centrosomes are shown with arrowheads) and Fas It (hub, H); 
green, GFP-PACT; blue, Vasa (germ cells). Scale bar, 10 jm. (C) Frequency of label 
Outcomes over time from NGTAO/UAS-GFP-PACT flies. UAS, upstream activating 
sequence. Blue columns, GSCs in the second or later cell cycle after GFP-PACT 
depletion (only one centrosome was labeled with GFP). 1 proximal, labeled 
centrosome located proximal to the hub-GSC interface; 1 distal, labeled centrosome 
located distal from the hub-GSC interface: 1 misori, neither of the two centrosomes 
located near the hub-GSC interface. Red columns, GSCs in the first cell cycle (both 
centrosomes were labeled by GFP). 2 oFi, one centrosome close to the hub-GSC 
interface; 2 misori, neither centrosome close to the hub-GSC interface. Green 
column, GSCs that still had cytoplasmic GFP-PACT. Only 50 to 60% of the total male 
GSCs were labeled by NGTAO/GFP-PACT. The remaining 40 to 50% could contain 
mother centrioles assembled in early embryogenesis before GFP-PACT expression 
Only those GSCs that had two centrosomes, with one or both centrosomes labeled 
with GFP-PACT, were counted. WV, number of GSCs scored per time point. 


GFP-PACT 


Frequency (% of labelled GSCs) © 
8 


LEY (LY PLY 


tosomes may maintain interphase microtubule 
arrays that anchor them to the hul-GSC interface, 
Whereas the daughter centrosomes: may initially 
have few associated microtubules and be five 10 
move, establishing a robust microtubule array 
only later in the cell cycle, 
Consistent with the idea that a 
tubules anchor the mother centrosomes 10 the 
hub-GSC interface, mother versus daughter 
ccenlrosome positioning was randomized in GSCs 
that were homozygous mutant for centmsomin 
(enn) (8), an integral 
quired Wo anchor asta 
somes (/0-12). Analysis of mother 


Fig. 3. Centrosomes next to the 
hub harbor robust. microtubule 
arrays. (A) Electron micrograph and 
(A’) summary diagram of aprox: 
imal centrosome in a GSC. Arrow: 
heads in (A’) show a microtubule 
that runs from the centrosome to 
the adherens junction. (B) Electron 
micrograph and (B') summary dia- 
gram of a distal centrosome in a 
GSC. Red, hub; blue, microtubules; 
green, adherens junctions; yellow, 
nucleus; pink, centriole; gay in (B), 
plasma membrane, Scale bar, 2 jim. 


i micro- 


ntrosomal protel 
microtubules 10 © 


centrosomes afier tran 
PACT revealed that 
tant GSCs where one of the two centrosomes 
\was positioned next to the hub, it was essentially 
random whether the mother or the daughter 
centrasome stayed next to the hub (Fig. 4), In 
addition, in >25% of total labeled GSC, neither 
of the two centsomes was next to the hub, 
which is consistent with our previous observa- 
tions (Fig. 4) (6). 

(Our resuls indicate that the two centrosomes 
in Drosophila male GSCs have different char: 
acters and fates. The mother centrosome stays, 


four had few associated microtubules (F 
and fig. SIC). The remaining three distal centro- 


their robust microtubule 
dled microtubules running ps 


ays containing bun- 
el 10 oF pice 


the nuclear surface. 
In contrast, of the five distal centrosomes in 
the apparently interphase cells that were scored, 
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somes appeared to be in cells in mitotic prophase, 
based on microtubule arrays containing bundled 
microtubules (fig, SID), Thus, the mother cen- 


next t the junction with the niche 
heeited by the cell 
fate, Thus, GSCs can maintain an old centriole 
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Fig. 4. cnn is required for nonrandom segregation of mother and daughter centrosomes. (A) 
Summary of the centrosome-positioning pattern in cnn" homozygous mutant and control 
con" GSCs, Daughter centrosomes were labeled by a pulse of GFP-PACT as in Fig. 18. Only 
counts of cells in the second cell cycle are shown, (B and C) Tests tips from cnn males with GSCs in 
the second cell cycle with misoriented centrosomes (B) or with the mother rather than the daughter 
centrosome segregated to the opposite side of the GSC (C). Red, »-tubulin {centrosomes are shown 
with arrowheads (M, mother; D, daughter)] and Fas Il (hub, H); green, GFP-PACT; blue, Vasa (germ 
cells), Seale bar, 10 jm. 


assembled many eell generations earlier. In con: tenminants associated with the mother or dau; 


trast, the daughter centrosome migrates away ter centrosome may play a role in specifying 
n the niche and is inherited by the cell that stem cell or diflerentiating-cell fites, such de 
ntiation, We postulate that the temminants are yet to be identified. Rather, the 

+s in male GSC may rem asynmetric inheritance of mother and daughter 


centrosomes in male GSCs may be a conse 
quence of the cytoskeletal mechanisms: that ane 


anchored to the GSC-niche interface through 
out the cell eycle by attachment t0 
tubules connected to the adhet 
whereas the daughter centrosomes. may’ initially 
have few associated micrombules and thus can 
move away from the niche, Microtubulekepenadent 
differential segregat ind daughter 
spinulle-pole bodies (equivalent to centrosomes 
in higher on 
(13), 

centrioles mature slowly over the cell cyele 


ns junction, 


anisms) is observed in. budding 
the 


ye In cultured vertebrate cells, 


and the mother centrosomes (con 


tune centriole) attach astral microtubules: more 
effectively and are more stationary than day 
centrosomes in intemhase (/4). The unusually 

ily separation of centrosomes in interphase male 
GSCs may provide a way to move the day 
centrosome out of range of the stabilizing in 


EI 


imposed as part of the stem cell prog 
anchor one centrosome next to the niche throug 
out the interphase, ensuring a properly oriented 
spindl 


ram 10 
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Kinetics of Morphogen 
Gradient Formation 


Anna Kicheva,** Periklis Pantazis,"*t Tobias Bollenbach,?*t Yannis Kalaidzidis,“* 
Thomas Bittig,? Frank Jiilicher,?§ Marcos Gonzalez-Gaitén™?5 


In the developing fly wing, secreted morphogens such as Decapentaplegic (Dpp) and Wingless (Wa) 
form gradients of concentration providing positional information. Opp forms a longer-range 
Gradient than We. To understand how the range is controlled, we measured the four key kinetic 
parameters governing morphogen spreading: the production rate, the effective diffusion 
coefficient, the degradation rate, and the immobile fraction. The four parameters had different 


uence of the adherens junction complex before it 
becomes competent to hold a robust microtubule 
array 

Developmentally prog 
of the mother centrosome may provide 


anchoring 
key 
the stereotyped orientation 
of the mitotic spindle and thus the reliably 
asymmetric outcome of the male GSC di 
to speculate: tha 


med 


mechanism to ensut 


de- 


values for Opp versus Wo. In addition, Dynamin-dependent endocytosis was required for spreading 
‘of Dpp, but not Wg. Thus, the cellular mechanisms of Opp and Wingless spreading are different: 
Dpp spreading requires endocytic, intracellular trafficking 


hugh the lec an erm 


quest in open (J-7). This might be due 
in part wo the existence of only a few quantitative 


madients and the 
kinetics of morphogen transport. To 
this, we studied quantitatively two key mor- 
phos development of the By win, 


Decapentap| 


studies of the steady-state 


uldress 


ns rem ns durin, 
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Dpp is produced at the anterior-posterior 
‘compartment boundary in the center of the wins 

imaginal dise of Drosophike (8) (Fig. 1, A and B). 
Dpp spreads nondirectionally, is degraded while 
spreadin 
in the plane of the wi 


and forms a gradient of concentration 
epithelium (2, 7). Re 


ardless of the actual transport mechanism, these 
facts imply that Dpp spreading can be captured 
by the physics of molecules that are proxtuced in 


localized source, 


h generates a current 
|motecules(jum = 5) atthe source boundary; tha 
are degraded with a rate & (5); and that spread in 
4 nondirectional manner with an effsetive di 
fusion cocfticient D (jm?/s), Thus, the rate of 
change of Dpp concentration in the xv plane, 
(sid, is deseribed by the equation: 


AC + 2jod(x) (1) 


is the 
is the Laplace 
ts function [see 
(SOM)] 

solution for Eq. 1 isa single 


Where 1 is tim 
source in the tar 


exponential gradient 


t 
Clx) = Get 
where the Dpp concentration Clx) depends only 
‘on the distance «from the source, the concentra 


tion Gy at the source boundary, and the de 
hh 
Kee al Which the concentration decays by a 
factor He of Cy [Clx) = Cy (Ve) atv = A}. The 
shape of the gradient therefore depends on wo 
key parameters: A 
by D.k, an jo, 
In the scenario of nondireetional moh 
spreading with degradation, 
is diffusion coefficient and the 
degradation rate by the expression: 


The decay length corresponds to the 


the steady st 


vbik 3) 


In tum, Co depends on the current fo. and on 


diffusion and degradation, which occur bot ity 


the receiving tissue and in the source: 


Co = jo/ VDk 4) 
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Indeed, the experimental Dpp distribution in the 
target tissue was well described by a si 
‘exponential (Fig. IC) [correlation index 
0.92 = 0.08, 1 = 26) with a decay len 
20.2 = 5.7 ym, correspond 21 cells 
(sce materials and methods section in SOM). 
To measure the kinetic parameters (D, &, and 
jo) that determine the steady-state shape (charac- 
terized by % and Co) of the Dpp gradient, we 
developed an experimental strategy based on 
green fluorescent protein 
Dpp fusion (GEP-Dpp) produced a 
nous wing source (2) and fluorescence recovery 
afier photobleaching (FRAP) (9, 10). The FRAP 
assay consisted of imeversibly_ phot 
the GFP-Dpp flu 
region of interest (ROD with dimensions 10 ju 
by 200 pm adjacent to the source (Fig. 1, Dto K). 
Subsequently, We monitored the fluorescence 
n the ROI for about 60 min, whieh 


the endoge 


escence in a rectangular 


‘occurred at the expense of the nonbleached GFP- 
Dpp molecules in the neighboring areas, until the 
fluorescence intensity was close to 


projected five =-confocal planes encompassing 
the most apical $ jum of the epithelium, and 
measured the average Muorescence intensity of 
GEP-Dpp in the ROI (see materials and methods 
and fig. $3), 

We first controlled several condi 
limited photodamage and photobleaching during 
50 that they were negligible, (i) we 
Dpp molecules in the 


ons (i) we 


imaged most of the GF 


and (iv) we calibrated detection of Nuorescenee 
intensity 10 GFP-Dpp concentration by using 
GEP-tagged rotavirus particles (/1), These im 
portant controls are summarized in section 2 of 
the supporting onlin. ind in figs, ST and 
‘82. Afler verification of these conditions, we 


\We estimated the detection inaccuracy, 


° 
0 
"anurans be 


Fig. 1. FRAP of GFP-Dpp at 25°C. (A and B) 
Wing disc showing GFP-Dpp (green) ex- 
pressed in the endogenous source (double 
arrow) with cell profiles counterstained by 
FIN4-64 [red in (A). Scale bars, 10 um. (O) 
Normalized average fluorescence in the re- 
«ceiving territory of five GFP-Dpp-expressing 
discs at 25°C as a function ofthe distance to 
the source. Black curve, exponential fit to the 
black trace. (D to G) FRAP time-lapse images 
‘of GFP-Dpp. Projections of five z-sections 
immediately before (0), immediately after 
bleaching (E, and during the recovery phase 


normalized intensity = 


° 7000 2000 


tines) 


73000 


(F and G). Scale bar, 10 jm. Times (1, 26, 58) indicate minutes after the start of the experiment. White 
box, ROI. Blue boxes are magnified in (H to K).(L) FRAP recovery curves for four GFP-Dpp experiments at 
25°C. Theoretical curves (solid lines) are fit to normalized average fluorescence intensities in the ROL 
(squares and crosses). Anterior, left. Genotype: dppGal4::UAS-GFP-Dpp'+. 
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used our calibrations to estimate the concentra 
tion of GEP-Dpp at the source boundary Cy 
802 © 312 moleculesjam? (n 
corresponds 10 4379 © 1741 molecules per cell 
(see materials and methods), In 
estimated the fraction of “extracellular 
Dpp, which was equal to or smaller than 1S 

34° 8 dises) of the total pool. The latter 
Mm rent, together with the fact that our 


8 discs), which 


showed 
dominant 


detection inaccuracy was less than 2" 
that the extracelh 
pool (section 2 of SOM) 

We then studied the recovery profiles in the 
FRAP experiments to determine D, & 
well as the immobile fraction y. y is the faction 
of molecuks that did not recover in the ROL 
during the experiment. The standard procedure 
(/2) to solve the diflusion eq 


ation, which 


neglects production and d on and. is 
commonly used in FRAP studies of sin 
(23), is not suitable for our FRAP assay in ts 
sues. The time span of recovery in tissue FRAP. 
was 30 t0 90 min (Fig. 1), s0 thy 


production and 


Thus, we 
solved Eq, 1 for the particu 
ditions of our FRAP experiments in the tissue 
(SOM, fig. S3D), 

From the resulting time-dependent concen 
tration profile Clyai (ig, $3D), we caleulated 
the average concentration Af) in the ROL as a 
function of time. We optimized the two param- 
ters Da 


degradation coukl not be neglected. 
scometry and 


1d y, which detemnine the shape of this 
theoretical weovery curve, 10 obtain the best 
agreement with the experimental curves. (see 
SOM). 
independent se We measured WO key 
quantities before bleaching that impose further 
constraints: (i) the decay length 2, which allows 


meters k and jy were not 


us to determine & from 
a= VDik 
source boundary Co, which cnabled_us to 
x jo Vin Eq. 4: Co = jo/'VDK. The 


theoretical curves Were in 


the fined D via Eq. 3: 
and (ii) the concentration at the 


determin 


result excellent 


agreement with the experimental recovery data 
ae 0,03) (see also table S1), which 
provided sufficient constraints to confidently 
values of D and y. Thus, 


095 


determine the actu 


be experimental recovery curves, 
h Eqs. 3 and 4. 
determine the kinetic parameters D, k 


allowed us to 
jo. andy 

‘of morphogen spreading 
tive diflusion coefficient of GFP- 


Dpp was D = 0.10 = 0.05 ums (1 = 8 ex 
periments). This number is about three orders of 
magnitude less than the coefficient of five 


diflusio nolecules with the size of 
the mature Dpp homodimer [similar to that of 
GEP, which has D = 87 jun/s (/4)}. but 


jusion of Dp in 
hindered by binding 


the extracellular space [ee 
to immobile extracellular matrix, molecules 
ss (/5-17)] and (i) endocytosis 


membeane recep 


plus recycli 
ay (18). Dpp was de 
104 = 1.29 104s 
GEP-Dpp half-life of about 45 min, which is 
consistent with the £ Dpp mo 


Dpp through a fast recycling 


ecules in the developi determined 
biochemically (7). In addition, the majority of 


the GEP-Dpp molecules in the ta 


immobile or moved very slowly (y » 62 
i.e. with recovery Kinetics too slow compared 


f the FRAP 
experiments. This immobile pool was stored in 


With the 60-m 


intracellular compartments, because the extra 
cellular pool was equal to 


smaller than 15% of 


We fou 24 
molecules(um * 3), which implies that the 
Gal4-driven GFP-Dpp production rate from 
2.69 = 158 
molecules per cell per second. The eflective 
production rate v per cell with diameter a can 
be obtained from jo by v = 2u°fq/w’ for small 
values of the width of the source w' (ym) (3). 
We tested the validity of the diffusion and 
degradation description for the FRAP recoveries 
by performing FRAP experiments in different 
S4 and table S1), The results of 
these experiments were consistent with the 


the total pool. id jp ~ 3.98 


the endogenous source was ¥ 


independence of the four kinetic parameters on 
position in the tissue (see SOM). 
Afier studying the GFP-Dpp kinetics, we 
the dependence of gradient formation 
sis by performing the FRAP 
animals where the target tissue Was mutant for 
7 allele and in which 
functional shibire 
gene | mals; $6¢ mater 
als and methods and (2)). The role of endocytosis, 
has previously been studied using shibire-nescue 
tive assays (J, 2) (SOM and 
assay allowed us to determine 


the thermosensitive shihird 


the source was rescued by 


ibire-rescue 


animals in qual 
$5). The FRAP 
scparatcly D, kv 


and y in cach experimental 
condition and to measure sensitively the kinetic 
effects in conditions of part 
endocytic block [in the wing, shibire™ is a tight 
at 34°C, but Keaky at 
32°C (2)(fig. SS). In addition, during the FRAP. 
experiment, the eflects could be detected im: 
maaiately, afer only a few minutes of block, In 


1 or complete 


control animals, D, &, v, and y were not sig. 
nificantly different at 25°C, 32°C, and 34°C (figs, 
$6 and $7). In shibi als, which 
Were raised at the permissive temperature, the 


A B c D Fe 
fo fulec i. g 
: 2 % oa] 
Sos i 3 
he Pal ag eh ern Be = FF 
sh aol go Is if 3 
a Eg folk 0 fo 
; ae eee Pe ey 
me an ml 


Fig. 2. GFP-Dpp shibire-escue FRAP assay at 32°C 
and 34°C. (A and B) FRAP recovery curves of GFP 
Dp (black) and GFP-Dpp shire rescue (red) at 34°C 
WY and 32°C (B). Genotypes: dppGal4::UAS-GFP- 
‘Dpp/ and shi"; UAS-Dynamin’/+; UAS-GFP Opp) 
<dppGal4.(C) Average D, k, wy, and v from seven GFP- 
Dpp shibire-rescue experiments at 32°C normalized 
to the respective averages at 32°C in GFP-Dpp (nid 
type controD. ror bars, SEM. Asterisks, statistically 
significant differences between shibire rescue and 
wildtype at 32°C (double-sided P <0.06). (D) GFP- 
Dpp shibire rescue at 25°C (black) and 32°C (red. (E) 
‘Average D, ks, and \ from eight GFP-Dpp shibire- 
rescue experiments at 32°C normalized to the 
respective average in GFF-Dpp shibire rescue at 
25°C. Asteriss, statistically significant differences. 


(F to M) FRAP time-lapse images of GFP-Dpp shibire rescue at 34°C as in Fig. 1, D to K. 
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tight endocytic block at 34°C 


experiment impaired Dpp sprea 
ctected into the ROL 


and no recovery could be 


during the FRAP (F 
completely, released by shift 
25€ 


Aluorescence recovered into the 


2, A and F tM). When the block was 
the temperature down to 


ROL, 


7 5 mee D va a 6907 
datrca we woot web 
rl sac] {M 34 os] N 34°] § 
z qu S 3 
Foul $ i 
€ a 3 
a oa : a 5 
on H 
® I 
B dl 


ry 


ig. 3. FRAP of GFP- ites and cre wnges shibire rescue. (A to H) FRAP time-lapse images of 


GFP-Wg expressed in the wing Dp domain. Boxes and times as in Fig. 1, D to K. Genotype: UAS- 
GFP-wingless/+; dppGal4/+. Scale bar, 10 ym. (1) Normalized average fluorescence in the receiving 
territory of five Wa-expressing discs at 25°C as a function of the distance to the source. Black 


cu 


exponential ft to the black trace. () Four FRAP recovery traces of GFP-Wingless at 25°C. (K) 


GFP-Wingless (black) and GFP-Wingless shire rescue at 34°C (red). Genotypes: UAS-GFP-wingless/+; 
dppGald/+ and shi®™; UAS-Dynamin"/UAS-GFP-wingless; dopGala’. (L to 0) Average D, k, v, and 


from GFP-Wingless (red; n = 9) and GFP-Wingless shibire-rescue experiments at 34°C (blue; n 


10). 


Error bars, SEM. The differences are not statistically significant for any ofthe four parameters considered. 


reversible 
was not due to 


which indicated that the effect wa 
and that the lack of recover 


tissue dama 
This lack of recovery after the 


ght endocytic 


block was imposed could be due to decreased 
diffusion or inereased degradation rate, Because 
no recovery was observed, a theorctical curve 
could not be fitted to determine the actual v 
of the kinetic parameters, Thus, we studied the 
recoveries under conditions of panial block of 
endocytosis at 32°C, At 32°C 
rescued 
a factor of more than 2 compared with that of 
control animals at 32°C (Fig. 2, B and C) and 
with shibire-rescued anim 
temperature 25°C (Fig. 2, D and E,and table $1). 
The degradation rate was not increased, but 
decreased by a factor of about 2. Finally, the 


the diffusion co- 


efficient in shi nimals decreased by 


Is at the permissive 


production also affected, whereas y was 
Hot (see materials and methods), Thus endocyto- 
sis is required not only for Dpp degradation, but 
Dpp movement 
It is worth noting here that (i) given our 
sce SOM), the 
minimal recovery we would have been able 10 
detect is 2" 82, E to 6), 
excluding the possibility that we might have 
w recovery (ii) 
other mophogens did recover in this FRAP 


te w 


also fe 


imprecision of measurement (2" 


missed a significant extracel 


shibine-rescue assay, which excludes an intinsic 


artifact of the treatment as causing the kick of 


recovery (see below); (ili) the observed efleets 
‘ofendocytic block were acute, because the kick of 
recovery was observed after a few minutes of 
ind (iv) the endocytic block was reversible 
explore whether this kinetic description of 
Dpp applied 10 other morphogens, we perfonmed 
the same FRAP at another secreted 
ligand, Wingless (Wg) (Fig. 3, A to Hand J). In 
onder to compare Wi and Dpp, we expressed 
GFP-Wingless fusion (9) at the 
endogenous Dpp source, ins 


lysis fo 


ad of the endoge- 
nous source region of Wy in wild type (Fig. 3, A 
wD). We 
ly and is degraded, but had a different profile 
31). The Dp gradient is a lon 


Iso moves in the tissue nondirection 


mi 


1 
i ; 
pod 2 
3 oa} 
Bod i 
% EJ 


000009100 
tme fs} 


Fig. 4. Comparison of GEP-Dpp and GFP-Wingless. (A) Normalized average 


fluorescence in the receiving 
expressing (blue) discs at 25: 
Curves, exponential fits to the 


territory of GFP-Dpp-expressing (red) and Wo- 
°C as a function of the distance to the source. 
traces. (B) FRAP recoveries of GFP-Dpp (red) and 


GFP-Wingless (blue) at 25°C. (C to F) Average values for D, k, y, and v from 


eight GFP-Dpp and nine GFP- 


ingless experiments at 25°C. Error bars, SEM. 


Asterisk, double-sided P < 0.05 difference between Dpp and Wa. Genotypes: 
dppGal4:UAS-GFP-Dpp/+ and UAS-GFP-wingless/+; dopGald/ 
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dicot with decay length 2 = 20.2 um, whereas, in 
these in vivo conditions, We made a short-range 
‘gradient with 2 = 5.8 = 204 wm (Figs. 31 and 
4A), Which kinetic parameter could account for 
this difference? Because Dpp and Wg have in- 
hetently different properties—-Wy isa lipid- 
roditied molecule (20), Dpp is not (2/)—they 
are likely to display different mechanisms and 
ies of spreading through the epithelium. 
‘The shorter decay length of the Wingless 
gradient was duc to a higher degradation rate of 
GEP-Wingless, by a factor of 5, and to a lesser 
‘extent its smaller diffusion coeticient (Fig. 4). 
Although the Galt driver was the sme in the 
Dpp and We experiments, the production rate of 
We was about seven times that of Dpp, which 
implied that their maturation and secretion were 
controlled differently. In addition, while 62% of 
the Dpp molecules were immobile, the Wg pool 
‘was almost fully mobile at 25°C (y= 9.2 + 13%), 
although, unlike Dpp, a significant immobile 
faction appeared at higher experimental temper- 
atures (Fig, 3, K and N), The different immobile 


factions of Dp and Wy at 25°C validated the 
specificity of the Dpp immobile fraction, Thus, 
the immobile fraction was not an artifact of 


incomplete recovery in sick cells. Finally, in 
contrast to Dpp, We transport and degradation 
\were independent of Dynamin endocytosis (Fig. 
3, K 10.0) Indeed, Wy movement has been sut- 
ested to be Dynamin-independent (6, 22). In ade 
dition, expression of dominant-negative Dynamin 


andlor long-term thennosensitive shibine block 
caused an extension of the gradient in the wing 
13), which was attributed to decreased 
fegradation (5, 22). Our FRAP approach study- 
ing the results of an acute block suggests that 
endocytosis is not required for We transport and 
degradation or, altematively, that endocytosis of 
We is Dynamin-independent. 

‘Altogether, the GFP-Wingkess FRAP exper 
iments (i) validated our FRAP assay and shibire- 
suc experiment; (ii) indicated that different 
morphogen gradients can be generated by in- 
dependently fine-tuning D. k, v, and y; and (ii) 
showed that different momhogens may use 
different mechanisms of transport and cellular 
machineries (c.g., Dynamin-dependent versus 
Dynamnin-independent transport) to achieve the 
formation of morphogen gradients. 
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A “Silent” Polymorphism in the MDR1 
Gene Changes Substrate Specificity 


Chava Kimchi-Sarfaty,*t Jung Mi Oh,tt In-Wha Kim, Zuben €. Sauna, 
‘Anna Maria Calcagno, Suresh V. Ambudkar, Michael M. Gottesmant 


Synonymous single-nucleotide polymorphisms (SNPs) do not produce altered coding sequences, 
and therefore they are not expected to change the function of the protein in which they occur. 
‘We report that a synonymous SNP in the Multidrug Resistance 1 (MOR1) gene, part of a haplotype 


previously linked to altered function of the MDR1 gene produ 


-alycoprotein (P-gp), nonetheless 


results in P-gp with altered drug and inhibitor interactions. Similar mRNA and protein levels, 
but altered conformations, were found for wild-type and polymorphic P-gp. We hypothesize that 
the presence of a rare codon, marked by the synonymous polymorphism, affects the timing of 

ccotranslational folding and insertion of P-gp into the membrane, thereby altering the structure of 


he MDRI gene product, the adenosine 
triphosphate (ATP)-binding cassette 


(ABC) transporter ABCBIL or P-gp, is 


an ATP-driven efflux pump contributing to the 
pharnacokinetics of drugs that are P-gp sub- 
strates and to the multidrug resistance of cancer 
cells (1, 2). To date, more than $0 singke- 
nucleotide polymorphisms (SNPS) have been 


‘a synonymous SNP in exon 26 (C3435T), was 


www.sciencemag.org 


sometimes found to be associated with altered 
P-gp activity (3-6) and, when it appears in a 
haplotype, with reduced functionality (7). This 
association may be explained in diflerent way: 
Pethaps it is because C343ST is in linkage dis- 
equilibrium with other common functional non- 
synonymous polymorphisms such as G2677T. 
In fact, the C1236T (a synonymous SNP). 
i2677T, and C343ST polymorphisms are part 
‘of a.common haplotype (8, 9). Another possible 
explanation is that allele-specific differences in 


mRNA folding could influence splicing, ro 
cessing, o translational control and. regulation 
(20, 11). A thied possibility is that the effect of 
the CM3ST polymorphism on the levels of 
cell surface P-gp activity or its funetion is 
rather modest oF drug-specific. Finally, nu: 
merous environmental fictors are known t0 
affect the expression and phenotypic activity 
of Pep (12), 

To determine whether the C3433T poly- 
morphism actually does aflect P-gp activity, we 
expressed wild-type and polymorphie P-gps in 
HeLa cells with the use of a transient expres- 
sion system (/.3), The same experiments were 
carried out on BSC-1 (epithelial cells of Af 
rican green monkey kidney origin), Vero-76 
(monkey kidney cell), and 12E1 (CEM human 
cells) cell fines (4), with similar results 
indicating that this phenomenon is not specific 
to HeLa cells 
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Fig. 1. Drug transport 8 3 
i ild- = ] Bodipy-FL = 

function of wild-type Rhi23 A 8 

MORI and seven MORI: 84 -paciitaxel s 

SNPS and haplotypes. & 8 

The drug efflux from i 8 ¢ 

vaccinia virus infected! 

transfected Hela cells & & & 

was determined by a a 

FACS analysis. Cells “go! no? to? v0 10 no! 10 n0® 0 40 to! 10208 104 

were transfected with 

pIML (contrat purple), & & & 


pIML-AMDRL (wid-type RHIZ3 + COA. D Rh123 +/- CsA E Rh123 +/- CsA F 
P-gp; green), C1236T 
(pin), G2677T laven- 
der), C3435T (orange), 
C12361-G26771 (blue), 
C12361-C3435T (yellow), 
G26771-C3435T (light 
blue), and c1236T- 
626771434357 red) 
(A) 0.5 jiM Rh123; (B) 0.1 uM bodipy-Fl-pactitaxel; (C) 0.5 \wM bodipy-Fl-verapamil. (D to F) Effect of plasmid DNA concentration during infection/ 
transfection on Rh123 efflux (0,5 iM) in the presence of an inhibitor, 10 :M CsA; infected/transfected DNA, (D) 3 yg, (E) 10 yg, (F) 15 yg. 


Fig. 2. mRNA levels and P-gp A Be 
expression in the vaccinia expression # 
system. (A) Analysis of pIN1 only, ‘oo 8 
wild-type MDR1, and the haplotype g 125 3 
12361-62677T-C3435T GX) with © 95) H 
real-time quantitative RT-PCR. + 
Crossing-point values for the graph 

on the left are plotted in the histo- 3 35 ™ 
gram. (B) Assessment of cell surface © os e 
expression, using MRK16 mAb of all 7 we Ce 
nine constructs as described in Fig. 2. em™t 


(©) Confocal assessment of MORI ex- 


pression, using MRKI6-mAb with D so 
uocescein iothiocyanate-conjugated gh Ae? 
secondary antibody of pTAML (control ww & # ES 

left panel, pTM1-MDR1 (wild-type 

P-gp; middle pane), and C1.236T = _ 
62677T-C3435T (right panel. (D) 1. Ce ined 
Immunoblot analysis of pTM1 only, 

wild-type MDR1, and the haplo- 


type C1236T-G2677T-C3435T 2 ug 
protein/ane) with C219 mAb (14). The pTM1 MDR1 MOR} C1236T- 


mature fully glycosylated (~170 kD) G2677T-C3435T 
and immature P-gp bands (~150 kD) are marked by arrows (19). 


Assays for P-gp's 


port function with the (CsA) and verapamil (Fig. S1) were less effec- type MDRI and the haplotype C12367-G26 
AMuorescent substrates Rhodamine 123 (Rh123), tive against all the substrates in cells express C343ST were more distinct as the concentration 
bodipy-FL-paclitaxel, bodipy-FL-verapamil, ing the double or triple haplotypes carrying of the DNA increased (Fig. 1, D1o F). These dat 
daunorubicin, bodipy-FL-vinblastine, and calcein-  C343ST relative to the wild type, the SNPs, or suggest th © pro 
AM (14, 15) were performed on HeLa cells ex- the haplotype that does not carry C343ST. nounced at higher levels of mRNA where more 
pressing the MDR1 wildtype; polymorphisms — Thus, it is not the presence of the nonsynon- P-gp was being translated in the cells, The ex 
at C1236T, G2677T, or CH £ P-gp from the vaccinia infec 
consisting of these polymorphic variant combi- the phenotype, but rather the presence of CM35T —tion/transfection system and cells of normal 
nations: C1236T-G2677T, C1236T-C343ST, in combination with one or two of the other human adrenal glands were found to be comps 
G2677T-C3435T, and C1236T-G2677T- _ polymomphisms. 82), 
C33ST. The functions of P-gp for We next tested to sce whether these diffe SLCK 
polymomhism plasmids as well as for wik-type ences correlated with the conc C343ST had altered susceptibility 10 
MDR1, as measured by intracellular accumula- sduced plasmid DNA. The expression and nil, but not to rapamycin (fig. SIF) (74). 
tion or by efflux of fluorescent compounds, were function ofall transduced cells were measured by When the cells were incubated with the inhib. 
not distinguishable under standard conditions fluorescenc od cell sorting (FACS) with itors before adding the Muorescent substrates, as 
(/4), HeLa cells expressing double- and triple- MRK16 monoclonal antibody (mAb) staining opposed to simultaneous incubation with the 
haplotype mutants also revealed results similar and by RhI23 in the presence of CSA, respec- pattem was observed. Bodipy- 
¢ mutants (Fig. 1, Ato C). tively (/4), The differences in inhibition by CsA FL-verapamil, wild-type P-gp. and the haplotype 
#9 inhibitors cyclosporin A and RhI23 between the cells expressing wilde (C1236T-G2677T-C3435T) exhibited different 


the differences were mo 


T;and haplotypes ymous polymorphism G2677T that results in pression levels 


haplotypes 


jons of 


to those for the si 
However, the P. 
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3. Determining the sen- 
sitviy of wildtype and the 
haplotype €12361-G2677T- 
(4357 P-gp to trypsin. Crude 
membranes. prepared from 
VIF7-3 infectedransfected 
Hela celts expressing wild- 


type MORI or the haplotype a ow 
(12361-G26771-C3435T 


were treated with increasing 
‘concentrations of trypsin and 


Typsin vd 
ea Lola 


the disappearance of the 


P-gp band was quantified as wee 


lela 


described above. (A) Experi- —_Typsin val 
ment performed in the abr 


‘sence of verapamil (C50 = 


1g (wild type), 7.2 9 


(C42361-62677T-C3435N. The mature (170 kD) and 


immature (150 kD) P-gp bands were also analyzed separately; Iso = 0.68 (wild-type immature), 2.9 1g 
haptotype immature), 2.8 1g (wild-type mature), 10.8 yg (haplotype mature). (B) Same experiment in the 


presence of 30 iM verapamil ICso 


7 ig (wild type), 3.3 ig (C1236T-G2677T-C34357, Values for the 


mature and immature P-gp bands: ICso = 2.5 jg (wild-type immature), 25 jg (haplotype immature), 3.6 
1ug (wild-type mature), 3.2 xg (haplotype mature). immunoblots with C219 mAb are shown atthe bottom. 


oe 


Fig. 4. Drug transport function of wild-type and 
two MDR1 haplotypes. The drug efflux of 
vaccinia infecteditranstected Hela cells was 
determined by FACS analysis (14). Cells were 
transfected with pTM2 (control; purple), MDR2, 
(wild-type P-gp; green), C1236T-G26771-C3435T 
(ted), and C12361-626771-C3435A (brown), (A) 
(0.5 jiM bodipy-FL-verapamil in the presence of 
500 4M digoxin; (B) 0.5 iM Rhi23 in the 
presence of 150 jiM digoxin. 


accumulations in a concentration-dependent 
‘manner, stigwesting a change in affinity (fig. $3), 

‘Synonymous SNPs of mutations can cause 
inactivation of the native splicing donor site, 
\Which results in a premature stop codon (76) oF 
exon skipping, yielding a shorter mRNA. A 
previous report indicated that the polymorphism 
CMBST resulted in decreased levels of mRNA 
‘expression (17). We therefore compared mRNA 
levels (/4) in the wild-type and_ haplotype 
(C1236T-G26771-C343ST) with the use of 
realtime quantitative reverse transcription poly- 
merase chain reaction (RT-PCR), which revealed 
‘equivalent mRNA levels (Fig. 2A). Western blots 
using C219 mAb showed comparable total cell 
expression of P-gp. and the infected transfected 
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cells expressed the same kevels of P-gp as de- 
termined by FACS assays and immunohisto- 
chemical staining with MRK16 mAb (Fig. 2, B 
and C). This result was reproduced in diferent 
cell lines including BSC-1, Verw-76, and 12E1 
(fig. S4), The complete amino acid sequence of 
MDRI haplotype C1236E.G2677ECH3ST pro- 
tein was identical to the predicted sequence, 

We hypothesized that a conformation dif 
ference between wildtype and haplotype P-gp 
ight explain these results Indeed, UIC2 (14), 0 
conformation-sensitive mAb, alone or in com 
bination with CsA or vinblastine at 37°C, 
reveakxd pronounced differences in binding con- 
sistent with altered conformations in the haplo- 
type (fig. SS) (/8), To determine whether there 
are subile differences inthe folding of wild-type 
and haplotype P-gp, we compared their relative 
susceptibility to typsin. Figure 3 shows the 
disappearance of the P-gp band as a function of 
tuypsin concentration. The concentration required 
for S0P% degradation (ICso, here expressed as jug 
trypsin) was greater for haplotype Peep than for 
wild-type P-gp by a factor of about 3.4; this result 
implies that the two have slightly different tertiry 
structures. Both wikltype and haplotype P-xps 
had comparable ICsp (4g trypsin) values in the 
presence of verapamil, which suggests that the 
altered conformation can be corrected by drug 
interaction with P-gp. The immature, core- 
uelycosylated form of P-gp (15040 band) was 
more sensitive to trypsin than the mature, 2 
sylated form, consistent with (/9), by a factor ofS. 
However, the ratios (wild4ype-hapktype) of the 
ICyo (ug trypsin) values were comparable for the 
mature and immature bands (3.86 wg versus 
4.4 uz). Thus, itis unlikely that altered glyco- 
sylation is responsible for the functional differ- 
ences observed. 

The use of rare codons appears to influence 
the translation rate, which in turn affects protein 
folding (20-25), with the thin’ base in the codon 
having the largest effect (26). We hypothesize 
that a the cell paxtuces more P-gp (Fig. 1, D to 


REPORTS. i 


F), the role of codon usage may become more 
critical when certain RNA species become de- 
pleted. The codon usage for the SNP at position 
12/1236 with GGC changed 10 GGT (both 
encode Gly) changes from 34% [relative synon- 
ymous codon usage (RSCU), 224] 10 16% 
(SCU, 10.8). The SNP at position 21/2677 that 
changes GCT (Ala) to TCT (Ser) also uses a less 
common codon (26% t0 18% RSCU values 
change from 18.5 10 15.1), The SNP at position 
26/3435 that changes the codon from ATC (Ile) 
0 ATT (Ile) reduces the codon usage fiom 47% 
10.35% (RSCU values change from 20.9 0 15.8). 
Clusters of rare codon usige (table $1) oceur 
both upstream and downstream of each of these 
SNPs. Codon usige rates are similar in humans 
and monkeys, which explains the similarity in the 
results with all transduced cells (27), 

To test whether codon usage compromises 
P-gp function, we introduced C3435, (isoleucine 
cxddon usage for ATA is 18% RSCU 7.4) 10 
proxluce the haplotype C 12367-2677 CMSA, 
Functional assays using bodipy-verapami or 
RhI23 in the presence of digoxin (Fig, 4, A and 
B) showed even larger decreases in inhibitor 
effects betwen this haplotype and the common 
haplotype C12367-G26777-C343ST. Moreow 
use of Rh123 in the presence of fexofenadi 
revealed median fluorescence of 269 forthe wild 
type, 24,3 for C1296T-G2677ECRST, and 20.3 
for C12367-G2677F-CH3SA. The median Muo- 
rescence in the presence of paclitaxel and fexo- 
fenadine Was 38.2 for the wild type, 286 for 
C1236T-G2677ECMRST, and 22.9 for C1236T- 
G2OTTECURSA. 

The amino acid sequence of proteins is gen- 
erally believed to determine protein expression, 
folding. and function; mutations that alter the 
primary structure of a protein can affect these 
properties. The important question addressed by 
this study is the role of silent mutations (i. 
those that do not affect amino acid seq 
proicin folding and function, Recent theoretical 
studies have suggested that codon use is: not 
random, and experimental studies in prokaryotes 
suggest that this may be so (28), Here we show 
that a sient mutation in a complex, mammal 
membrane transport protein alters the substrate 
specificity. We hypothesize that when frequent 
ccadons are changed 10 rare codons in cluster of 
infrequently used codons, the timing of cota 
{ational fokling is affected (29) and may rest in 
altered function, This finding may be clinically 
important. For example, mutations in the MAP6 
ABCC) wene cause the disease pseudlonan- 
thoma clasticum, but missense and nonsense 
‘mutations are found in only about 60% of eases 
G0), raising the possibility that mutations th 
do not change coding sequence may contribute 
to disease by a similar mechanism, 
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Imaging of Germinal Center Selection 
Events During Affinity Maturation 


Christopher D. C. Allen,* Takaharu Okada,*t H. Lucy Tang,t Jason G. Cystert 


The germinal center (GC) is an important site for the generation and selection of B cells bearing 
high-affinity antibodies, yet GC cell migration and interaction dynamics have not been directly 
observed. Using two-photon microscopy of mouse lymph nodes, we revealed that GC B cells are 
highly motile and extend long cell processes. They transited between GC dark and light zones and 
divided in both regions, although these B cells resided for only several hours in the light zone 
where antigen is displayed. GC B cells formed few stable contacts with GC T cells despite frequent 
encounters, and T cells were seen to carry dead B cell blebs. On the basis of these observations, 
we propose a model in which competition for T cell help plays a more dominant role in the 
selection of GC B cells than previously appreciated. 


Fig. 1. Dynamics and motility of GC B cells compared 
with follicular mantle (Fa) B cells and plasma cells (PC. 
(A) An 181m maximum intensity 2-projection from two- 
photon microscopy image stacks of a GC and FM in an 
intact LN. A time-lapse recording corresponding to the 
center of this region is shown in movie SI. (B) Rep 
resentative time-lapse images from two-photon micrs- 
copy showing the morphology of a GC B cell, FB cell, 
and PC. The FM B cells in this experiment were naive 
GFP" cells that were also labeled with CMTMR (10), and 
only the GFP channel is shown in the images. Scale bars, 
10 jum. (C) Superimposed 15-min tracks of 40 randomly 
selected cells of each indicated type in the xy plane, 
setting the starting coordinates to the origin. Units are 
in micrometers. WT, wild type. Each color represents one 
cell's path. (D) (Left) Maximum-intensity projection of 
FIN (red) and GC (green) B cells. (Right) Tracks of Flt 
(ted) and GC (green) B cells. The gridlines are separated 
by 20 um, 3 


amplified and refined in specificity. A classi 


model of GC function holds that B cells in the 


dark zone undergo rapid rounds of proliferation 
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and somatic hypermutation of their antibody 
genes, followed by exit from the cell cycle and 
10 the light zone, where the B cells 
selection based on the affinity of their 
n (I-5), Theselection 


process is thought 10 involve competition be 


tween GC B cells for capture of antigen in the 


form of immune complexes displayed on the 
processes of follicular dendritic cells (FDCs) 


(1, 3, 5, 6), However, recent experimental evi 
dence and computer simulations have contr 
dicted aspects of this classical model (3, 7-9), 
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1¢ GC has remained elusive. One of the chal 


lenges in studying GC selection has been a lack 
of knowledge about the dynamics of GC B cells 


in their complex physiological milicu 
We developed a system to study the dynam 


ics of GC B cells within intact mouse 


nodes (LNs) by two-photon microscopy. [the 
system is described in detail in the supportin 
online material (SOM) text] (J0). In this system, 
1 to 2% of GC B cells expressed 
rescent protein (GFP) (Fig. 1A an 


82) and by our measurements were able to un 
dergo the normal processes of class switehin 
somatic hypermutation, and affinity maturation 


(figs. $3 and $4). The dynamics of GC B cell 


motility in explanted LNs were compared with 


‘hwo other B cell populations: (i) naive B cell 
(ropresemting B cells before antigen encounter) 


in the follicular mantle that Js the GC 


and (ii) plasma cells (representing post-selected 
B cells that secrete antibodies) in the LN 
medulla (SOM text). GC B cells had highly d 
namie shapes, extending dendritic processes re 


sembling pseudopods as they moved (Fig. 1B 


and movie $1), whereas naive follicular mantle 


B cells and plasma cells exhibited a more round 
phenotype (Fig, 1B), Similar of 


ail B cells 
were imaged by intravital microscopy of intact 
LNs (movie 82), Tracking anal 
that GC B cells were highly motile, simila 


follicular mantle B cells, whereas plasma cel 
litle motility (Fig. IC: fig. $5, A10 E 


fig, S6: and movie $3). GC B eell me 


partially dependent on the chemokine CXCLI 
(Fig. 1C and fig. S5) that is expressed by FDC 
(SOM text) (1). 

On average, GC B cells formed separate 
clusters from naive B cells inthe follicular 
mantle (Fig, 1, A ane D), giving the impression 
of distinet regions typically seen in static images, 


istry (for an example, see fig. S2C). Howeve 
examination of the boundary between these 


regions revealed that the tracks of GC B 


and follicular mantle B cells were overlappin 


(Fig. 1D and movie $4), indicatin 


and follicular mantle. Instead, the majority 


cells tumed afer crossing from one region 


the other, su that the GC and 


mantle are segregated by the responses of cells, 
to attractive (or repalsive) cues 

The behavior of cells in GC dark and light 
mined by labeling fight zone FDCs 
immune complexes containing the 
cin phycoerythrin (PE) (Fix. 2A 


and movie $5), B cells in dark and light zones 


Muorescent pr 


were similarly motile (fig. $7). In 1 


GC B cells appeared to stay within the dark 0 
light zones, although a measurable proportion (S 
to $%) traveled along relatively straight paths 
from one zone to the other, covering substantial 
distances (Fig, 2, Band C, and movies $6 and 


©} Light zone Dark zone 
GC_dark zone 


od Baad 


Fig. 2. GC B cell movement within and between GC dark and light zones, (A) Immunofluorescence of 
cryostat sections showing extensive overlap of in vivo deposited PE immune complexes (PEC) (red) with 
FOGM2 antibody staining (green). The follicular mantle is shown with staining for immunoglobulin D 
(gD) (olue). Scale bar, 100 jum. (B) Representative manual classification (0) of cel tracks into groups 
with respect to the PE* light zone, corresponding to GC 1A in (C). The gridlines are separated by 20 jm. 
(© Frequency of cells traveling between the light and dark zones in three GCs imaged 7 days alter 
immunization. Imaging sessions of 1 hour each were subdivided into two segments (A and B) to 
facilitate analysis. 
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- 3. Cell-cycle analysis in dark and light zones. (A and B) Single-plane time-lapse images of 
dividing GC B cells in the light (A) and dark (B) zones. The image sequences begin when the cells 
have rounded up and stopped moving. (C) CXCR4 is expressed more highly on GC B cells in the 
dark zone than in the light zone. (Left) Representative immunohistochemistry of a cryostat section 
of an immunized mouse LN (antibodies used for staining, bottom right). (Right) Representative 
gating of CXCR4™ (light zone) and CXCRA™ (dark zone) GC B cells by flow cytometry. (D) Rep- 
resentative cell-cycle analysis of GC B cells by flow cytometric measurement of DNA content. DAPI 
4°, 6-diamidino-2-phenylindole. (E) Frequency of cells that were in each stage of the cell cycle in 
the CXCR4 and CXCR4™ GC B cell subsets. (F) Frequency of cells that were BrdU* in the CXCRA® 
or CXCR4™ GC B cell subsets after BrdU injection at 0 hours. (G) Frequency of cells that were in 
each stage of the cell cycle among BrdU* GC B cells. Data points in (E) to (G) represent individual 
mice. Similar data were obtained in splenic GCs in other experiments. GC B cells in (©) to (G) were 
gated as in fig. S9A. 
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S7). These observations extend previous conclu: 


sions based on fixed tissue analysis (7) that GC B 


cells migrate from the dark zone to the light zone 


and provide direct evidence that GC B cells et 
fiom the light zone to the dark zone. Within the 
ght zone, FDC processes apy 


cared 10 undulate 
CB 


pethaps due to displacement by mig 


dence that GC B cells pause on FDC processes, in 
contrast to observations of the T cell-DC inter 


setions in the T cell arva (12). GC B 


er paths than those in 
the dark zone (fig. S7, Band C), which may relate 
1 of CXCLI3 on the FDC 


processes in the fight 20 


During time-lapse recordings, we occast 


ally observed cell division in both light zones 
(Fig. 3A) and dark zones (Fig. 3B), consistent 
With other studies that have questioned the 
classical model that proliferation only occurs in 
the dark zone (3,8, 13), We further analyzed the 
relationship between GC B cell position and cell 


cycle behavior by flow cytometry (SOM text), 
using surfice abundance of the chemokine re 
ceptor CXCRS (Fig. 3C) as a 
cells in dark (CXCR4") and fight (CXCR 
zones (11). Analysis of DNA content (Fig. 3D) 


revealed that a similar proportion of GC B ells 
were in $ phase in both dark and light zones (Fi 
3E), A subset of cells was tracked over one 
complete cell cycle by pulse labeling with S 


bbromo-2-deoxyuridine (BrdU), a thymidine an. 
alog that is incomorated into cells: unden 
DNA synthesis (S phase) near the time of Bril 
injection (74). A similar proportion of GC B cells, 
in dark and ight zones were labeled! 30 min after 


time the cells had divided and returned 


phase, they accumulated in the dark 201 


in the light zone (Fig. 3, F and G; fig. $8; an 


$9), These observations indicate that cells 
divide in the light zone do not stay resident 


the GC, or undergo apoptosis. From 5 to 
hours afler Brill! injection, the Gy phase cells 
that had accumulated in the dark zone began 


zone is replenished continuously by an intlus ¢ 
cells from the dark zone that recently com 
a celleycle (Fig. 3, Fand G; fig. $8: and fi 
Cells were not seen reentering S phase un 


hours after they were first labeled with BrdU in 
S phase (Fig. 3G and fig. $9, C and D), i 


dicating that the average cell-cycle time is: 12 
hours or longer, rather than 6 t0 7 hours as has 
been concluded in previous studies (/), 


T cells are concentrated in the li 
and T cell help is thou 


(3, 15), To understand the mode of B cell-T cell 


nt to be exsential for GCs 


interaction in GCs, we visualized the interac 
tions between GFP GC B cells and GC T cel: 
expressing cyan fMuorescent protein (CFP) 
(movie $8), Most contacts between GC B and 
T cells were of'short duration (Fig. 4), and onl 
about 4% of GC B eell-T cell encounters led to 
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the formation of stable conjugates, defined here cells stably interacting with GFP* B cells was 
2s contacts lasting for more than 3 min (Fig. 4, below 10 jam/min (Fig, 4E), Only 32% of total 
B and C). In contrast, carly in the immune re- GC T cells showed a median velocity below 
sponse before GC formation, morethan SO%of 10 ymn/min (Fig. 4E), and the motility coefficient 
contacts between cognate antigen-specific B of GC T cells was greater than that of GC B 


and T cells ked to the formati stable cells (Fig, 4F and fig, SSE), strongly suggesting 
conjugates (Fig. 4C and movie S9)(/6). Upon that the majority of T cells in GCs were not 
encounters Ieading to stable interactions with engaged in stable interactions with B cells, Our 
GCB cells, rapidly migrating GC Teells shar analyses suggest that cach GC B cell en 


match Be 


ly decreased their motility ti mo- counters as many as $0 T cells per hour and 
tility (Fig. 4D), and ¢ were led by B_ that the majority of GC B cells are capable of 
cells (movie $10), similar to the dynamics of binding antigen (fig. S3B). It thus seems likely 
stable B-T conjugates carly in the immune that T cell help is limited, not only because 
response (/6), dian velocity of GC T there are fewer T cells than B cells, but also 
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Fig. 4. Dynamics of GC T cell interactions with live GC B cells and dead B cell blebs. (A and B) 
Time-lapse images of a brief contact (A) and a stable conjugate [(B), arrowhead and dotted line] of 
a GC B cell (green) and T cell (blue). (C) Contact times between antigen-specific B and T cells at the 
indicated number of days after immunization. Black bar segments indicate conjugates that could 
not be tracked for their entire duration and therefore are underestimates. Data are from three 
independent experiments. (D) Magnitudes of the velocities of a GC B cell and T cell that formed a 
stable conjugate. (E) Median velocity of total GC T cells, GC T cells stably interacting with GFP* GC 
B cells, and GC T cells stably interacting with GFP* blebs. (F) Displacement of GC T cells plotted 
against the square root of time. Blue line, mean of four imaging data sets from four recipient mice 
(error bars indicate SD); red line, mean of seven T cells stably interacting with GC B cells; 
motility coefficient (10). (G) Image of a GC B cell undergoing cell death. Dotted line, 5-min track of 
migration preceding the first time point; arrowheads, fragments of the cell. (H) Image of a GC T 
cell (blue) picking up a GC B cell bleb (green). (1) Image of a GC T cell (blue) carrying a GC B cell 
bleb (green, indicated by arrowheads) over a path shown with a dotted line. Some follicular mantle 
cells (red) are also visible. (J) Contact time distribution between GC T cells and GFP* GC B cell 
blebs from three independent experiments. Black bar segments indicate incomplete tracking as in 
(O. Seale bars, 10 um. 
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because of additional mechanisms suppressing 
stable B-T interactions in GCs. 

During the selection process in GCs many 
GC B cells die and are visible by histology as 
“tingible bodies” inside macrophages (/). The cell 
bodies of dying GFP” GC B cells were observed 
to undergo fragmentation (Fig. 4G), but supris- 
ingly, this occurred outside of macrophages 
(movie S11), Blebs of dead GFP* GC B cells 
appeared to be taken up by multipke macrophages 
{movie S11), athough some blebs moved rapidly 
away from the original location of cell death, as if 
«carried by motile cells (movie $2). Indeed, some 
GFP” B cell blebs were attached to and camriad by 
rapidly migrating CFP" T cells (Fig, 4, Hand 1, 
and movie $12), AIT cells that carried GFP™ 
B cell blebs had a median velocity greater than 
10 jun/min (Fig. 4E), suggesting that they were 
not unwlergoing stable interactions with living B 
cells. The GFP GC B cells represent only about 
1 10 2% of GC B cells, and we observed about 
0.5% of T cells carrying GFP" blebs: by ex- 
trapolation, at feast one quarter of the GC T cells 
may be associated with one oF more blebs. fom 
dead GC B cells, A higher frequency of bleb-T 
cell interactions were stable compared with live 
B coll Tcell interactions (Fig. 4, C and J), sug- 


esting that these dead B cell fragments: may 
aflcet the availability of T cell help in GCs. 

Our findings reveal that GC B cells are high- 
ly motile and exhibit a probing behavior as they 


travel over the antigen-bearing FDC network, 
The lack of GC B cell pausing suggests thatthe 
selection mechanism does not involve competi- 
tion for adhesion to FDCs, whereas the rapid 


movement of B cells in clase proximity to cach 
‘other raises the possibilty that high-affinity cells 
remove surface-bound antigen from lower- 
affinity cells. The observed migration of GC B 
ls from light to dark zones is consistent with 
GC B cells undergoing repeated rounds of mu- 
{ation and selection within a given GC (17), Our 
estimate that GC B cells spend only several 
hours in the light zone suggests limited amount 
‘of time toaccess helper Teells. Given that stable 
teractions of GC B cells with GC T cells were 
infrequent, it seems passible that Teell help is 3 
limiting factor driving selection of higher- 
B cell clones. In vitro studies have 
shown that T cells responding to antigen- 
resenting B cells can be sensitive to variations 

the affinity of the B cell receptor across sev- 
ceral orders of magnitude (18), We propose 
selection model in which newly arising mutated 
GC B cells with higher affinity for antigen 
‘obiain and process greater amounts of antigen in 
4 given period of time and then outcompete the 
surrounding B cells and B cell blebs for the 
attention of GC Tells. 
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Damage to the Insula Disrupts 
Addiction to Cigarette Smoking 


Nasir H. Naqui,? David Rudrauf,’* Hanna Damasio,“ Antoine Bechara’? “+ 


‘A number of brain systems have been implicated in addictive behavior, but none have yet been 
shown to be necessary for maintaining the addiction to cigarette smoking. We found that smokers 
with brain damage involving the insula, a region implicated in conscious urges, were more likely 
than smokers with brain damage not involving the insula to undergo a disruption of smoking 
addiction, characterized by the ability to quit smoking easily, immediately, without relapse, and 
without persistence of the urge to smoke. This result suggests that the insula is a critical neural 


Substrate in the addiction to smoking. 


igarette smoking, the most common pre- 
Cosette 

ity in the developed world (). is an 
addictive behavior. Despite being aware of neg. 
ative consequences, many smokers have difficul- 
ty quitting, and even those who quit experienc 
urges to smoke and tend to relapse (2, 3), These 
phenomena appear to arise from long-term adap- 
tations within specific neural systems. Subcortical 
regions, such as the amygdala, the nuckus 
accumbens and the mesotelencephalie dopamine 
system, have been shown in animal models to 
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‘promote the selEadministration of drugs of abuse 
(4, 5). Functional imaging studies have shown 
that exposure to drug-associated cues activates 
cortical regions such as the anterior cingulate 
contex, the orbitofrontal cortex, and the insula 
(6-13). Among these regions, the insula is of 
‘panicular interest because ofits potential ole in 
conscious urges. The insula has been proposed to 
function in conscious emotional feelings through 
its role in the representation of bodily (intero- 
ceptive) states (14-16). Activity within the in- 
sula.on both sides ofthe brain has been shown to 


comelate with subjective cuc-induced drug unges 
(7.8.10. 1c has also been shown that high 
amount of activity in the right insula daring a 
simple decision task is associated with 
relapse to drug use (/7). Given its potential rote 
in cognitive and emotional processes that pro~ 
smote drug use, the question arises as to whether 
the insula is necessary for maintaining addic- 
tion to smoking, We hypothesized that the in- 
sla is critical neural substrate inthe addiction 
to smoking, We predicted, therefore, that dam- 
age to the insula would disrupt addiction to 
smoking. 

We identified 19 cigarette smokers who had 
acquired brain damage that included the insula 
(28), Six of these patients had right insula 
damage, and 13 had left insula damage. We also 
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Fig. 1. Number (W) of 
Patients with lesion in each 
of the regions identified in 
this study, mapped onto a 
reference brain. Bounda~ 
ries of anatomically de- 
fined regions are drawn 
on the brain surface. Re- 
gions names are provided 
inthe Materials and Meth- 
‘ods, Regions not assigned 
color contained no le 
sions. (Top) All patients. 
The horizontal tine marks 
the transverse section of 
the brain shown inthe top 
row. The vertical line 
marks the coronal section 
shown in the bottom row. 
(Middle) Patients. with 
lesions that involved the 
insula, (Bottom) Patients 
with lesions that didnot 
involve the insula 


Fig. 2. Patients who 
quit smoking after lesion 
‘onset and patients who 
underwent a disruption 
‘of smoking addiction af- 
ter lesion onset. (A) Tree 
diagram showing the be- 
havior clasifation of 
patients. (B) Pie charts 
ilustrating the proportion 
of patients in each ana- 
tomical group who fell 
into each ofthe behavior- 
al categories. The colors 
correspond to the be- 
haviorl group depicted 
in (A, These actual pro- 
Portions are shown in the 
‘Materials and Methods. 
The proportion of patents 


‘with a disuption of smoking addiction was higher among both left insula—tesioned patients and right insula— 


lesioned patients compared with among noninsul-lesoned patients. 
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identified a group of 50 cigarette smokers who 
hhad acquired damage that did not include the 
insula. All of these patients had been smoking 
‘more than five cigarettes per day for more than 2 


years at the time of lesion onset. The groups 
were matched with respect to several character- 
istics, including the number of cigarettes they 
were smoking at lesion onset, the total number 
of years they had been smoking 
and the etiology of their brain damage (Fig, 1 and 
table SI). 
First, we performed a logistic regression 
lysis i which the dependent variable was 
‘or not patients quit smoking some time 
n onset (ic, whether or not they were 
at the time of the study), The inde- 
variable of interest was the extent of 
damage in the insula on a given side, An es 
timate of the total extent of the lesion 
centered as a nuisnce covariable (Materials and 
Methods). We found that the likelihood of quit 
ting smoking after a lesion in either the right or 
the left insula was not significantly higher than 
the likelihood of quiting after a noninsuls lesion 
(odds 204, 72 = 2.74, and P= 0,10) 
When we exami 


ting smoking was not si 
right insula lesion than 
(odds ratio = 2,53, 72 
was it significantly hi 


icantly higher after 
noninsula lesion 


le 
sion compared with after a noninsula lesion 
(odds ratio 144,92» 1.12, and P= 0.29) (Pig. 2 
and table $3), One explanation of this null find- 
ing is that, whereas the insul-lesioned patioms 
may have quit smoking due to a disruption of 
smoking addiction, the noninsula-esioned px 
tients may have quit smoking at a similar rate 
‘because they were concerned about the negative 
consequences of smoking, Simply determining 
whether te patents were smoking atthe time of 
the study did not address this distin 

To mone specifically assess a disruption of 
smoking addiction, we asked all of the pa 
who quit smoking afier ksion onset a 
questions aimed at th 
expericnce of quit 
as having had a disruption of smoking addiction 
ithey fulfilled all four ofthe followin 


onset, (i) reporting th did not 
stant smoking afler they quit ( the 
difliculty of quitting as less than three on a scale 
of one to seven, and (iv) reporting feeling m0 
urges to smoke since quitting. According to these 
riteria, 16 of the patients who quit smoking after 
lesion onset were classified as having a distup- 
tion of smoking addiction. The 16 quitters who 
led to meet all four ofthese criteria, along with 
all 37 nonquitters, were considered to have n0 
disruption of smoking addiction (Fig. 2), 

We performed a logistic regression in which 
the dependent variable was whether oF not pa 
tients underwent a disruption of smoking ad- 
diction after lesion onset as defined by the above 
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criteria. As before, the independent variable of 
ierest was the extent of damage tothe insula on 
4 given side, whereas the estimate of the total 
extent of the lesion was entered as a nuisance 
covariable. We found that the likelihood of 
having a disruption of smoking addiction after 
a sion in either the right or the Fe insula was 
significantly higher than the likelihood of having 
4 disruption of smoking addiction afler a non- 
insula Iesion (ods ratio = 22,05, 72 ~ 16.64, and 
P= 0.0005). When we examined the right and 
Jeft insulae separately, we found that the lke- 
Jihood of having a disruption of smoking ad- 
diction was significantly higher after a right 
insula lesion than after a noninsula lesion (odds 
ratio = 10.87, 72 = 12.90, and P= 0.0003) and 
was also significantly higher after a left insula 
lesion compared with after a noninsula lesion 
(odds ratio = 3.61, 2 © 10.33, and P= 0.001) 
2 and table 83). Although it appears that 
lager with 1 
sula Jesions compared with left insula lesions, 
the sample sizes were too small to confirm 


We then conducted a similar logistic regres- 
‘sion that included only the patients in our sample 
who quit smoking after lesion onset (thus, we 
Were not required to assume that patients. who 
continued 10 smoke after lesion onset fad an 
ntact smoking addiction). We found that five of 
five of the patients who quit smoking after a 
right insula lesion and seven of eight of the 
patients who quit smoking affer a left insula 
Tesion met the criteria for having a disruption of 
smoking adkliction, compared to 4 of 19 of the 
patients who quit smoking after a noninsula 
Fesion (right insula-fesioned patients. versus 
nhoninsula-lesioned patients: odds ratio = 6.55, 


2 = 7.76, and P= 0,005; left insula lesioned 
Patients versus noninsula-lesioned patients: odds 
ratio = 7.19, 72 = 10.06, and P= 0,002), Putting 
the right and left sides together, 12 of 13 patients 
‘who quit smoking after a lesion in the insula did 
0 with a disruption of smoking addiction. Rel- 
ative t0 noninsula-lesioned patients, this trans- 
lates into an odds ratio of 136.49 as estimated 
bby the logistic regression (; 
0.00008) (Fig. 2 and table $3). 

Inoursample, the patients with insula lesions 
tended also to have damage in adjacent areas 
(Fig. 1), This raises the question of whether the 
observed elects were necessarily duc to insula 
damage or whether they required damage in one 
‘or more areas adjacent to the insula To address 
this issue, we performed a region-by-region 
logistic regression analysis that estimated, for 
each region of the brain that we sampled, the 
likelihood of having a disruption of smoking 
addiction after a lesion that inelualed the region 

ompared to a Kesion that did not incfude the 
region. This analysis included all of the patients 
in the sample, We found that the only regions in 
Which lesions were significantly associated with 
an increased likelihood of having a disruption of 
smoking addiction were the right and left insulae 
(Fig. 3), On the left side, there were near 
significant effects in regions adjacent to the 
insula, such as the putamen. We cannot rule 0 
the possibility that some of these regions inde- 
pendently or cumulatively play a role in smok- 
ing addiction, For example, evidence fro 
animal studies suggests that the dorsal striatun 
Which includes the putamen, is involved in 
Jeaming and expression of drug-use habits (4), 
However, for mast of these regions the patients 
With lesions who had a disruption of smoking 


Fig. 3. Whole-brain region-by-region logistic regression analysis. The color of each region 
corresponds to a? statistic given the sign of regression coefficient obtained from the logistic 
regression analysis. The only regions that were assigned a color were those for which the number of 
patients was sufficient to detect a statistically significant effect (Materials and Methods). Regions 
for which there was a statistically significant association between a lesion and a disruption of 
smoking addiction (P < 0.05, uncorrected) are highlighted in red. The insula is the only region on 
either side of the brain where a lesion was significantly associated with 2 disruption of smoking 
addiction. There were nonsignificant effects in regions on the left side that are adjacent to the 
insula; however, patients with damage in these regions also tended to have damage in the insula 
(Materials and Methods). The likelihood of having a distuption of smoking addiction was not 
‘increased after damage in the orbitofrontal cortex. 
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addiction also had damage in the insula (table 
‘S4), suggesting that apparent effects of lesions in 
these regions were duc to a bystander effect. We 
did find four patients who had a distuption of 
smoking addiction after suffering from brain 
damage that did not involve the insula, When we 
‘examined their lesions, we found that each of 
them had damage in a unique set of regions 
(able SS). This raises the possibility that cetain 
patients may undergo a disruption of smoking 
auddiction as a general effect of suffering from a 
brain injury. 

‘The results indicate that smokers who ac- 
Quire insula damage are very likely to quit 
smoking easily and immediately and to remain 
abstinent, In addition, smokers with insula dam- 
we are very likely’ to no longer experience 
conscious urges to smoke after quitting, These 
findings are consistent with previous functional 
imaging evidence showing that activity in the 
insula is correlated with subjective drug unges 
(7. 8. 11), Additionally, the results provide 
evidence that subjective unges are an important 
factor in maintaining smoking addiction. How- 
ver, urges may not be the only factor that pro- 
motes smoking. Recent theories of addiction 
[propose that usual drug usc in addicted individ- 
uals is driven primarily by automatic or implicit 
motivational processes, such as habits (4) and 
incentive salience wanting (19), Conscious 
‘unges come into play when there is an impedi- 
ment to drug use, such as an attempt to quit o 10 
resist relapse (20). The present results are con- 
sistent with this view. However. i remains to be 
seen whether insula damage spares the auto- 
matic tendency to smoke. It also remains to be 
seen whether patients with insula damage still 
‘obtain pleasure from smoking, because pleasure 
and urge may be dissociable facets of smoking 
reward (19), 

Our sample included a number of patients 


With damage to the orbitofrontal cortex (Fig. 1), 
region that, like the insula, has been implicated 
by functional imaging studies to play a role in 


conscious drug urges (6,8. 9, 11-13), We found 
‘no association between lesions in the orbito- 
frontal cortex and a disruption of smoking, ad- 
diction (Fig. 3 and table S4), One explanation of 
this result is that smokers who acquire orbito- 
frontal damage experience a reduction in con- 
scious utes but continue to smoke because theit 
automatic tendency to smoke is still intact. At 
the same time, these patients may have a low 
likelihood of attempting to quit smoking after 
suffering from a brain injury, because the 
orbitofrontal region is critical for decisions that 
override the automatic tendency to obiain im- 
‘mediate rewards in order to avoid future nevative 
consequences (2/, 22), Insult-lesioned patients, 
in conirast, may not have such severe decision- 
making deficits and thus may be likely to at- 
tempt to quit smoking after suffering from a 
brain injury 

‘The results of this study suggest that the 
insula isa critical neural substrate for the urge to 
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smoke, although they donot in themselves in- 
dicate why the insula, a region known to play a 
role in the representation of the bodily states 
(76). would play such an important role in urge. 
A clue may be provided by the account of one 
patient in our sample who quit smoking im- 
mediately ater he suffered a stroke that dam- 
aged his left insula. He stated that he quit 
because his “body forgot the urge to smoke” 
(23), His experience suggests that the insula 
plays a mole in the feeling that smoking is 3 
bodily need. Indeed, much of the pleasure and 
satiety that is obtained from smoking is derived 
from its bodily effects, in particular its impact on 
the airway (24, 25), In addition, nicotine with- 
drawal is associated with changes in autonomic 
and endocrine function (26, 27), which may 
contribute 10 its unpleasantness. Current evi- 
denee suggests that the insula plays a role in 
conscious feelings by anticipating the bodily 
effects of emotional events (/4, 15). The insula 
may therefore funetion in the conscious urge to 
smoke by anticipating pleasure from the airway 
effects of smoking andor elit from the aver- 
sive autonomic effects of nicotine withdrawal 
‘Thus, damage to the insula could lead a smoker 
to feel that his or her body has “forgotten” the 
unge t smoke 

‘An important question pertains to whether 
insula lesions cause a disruption of motivated 
behaviors other thin smoking. In a. follow-up 
survey. we found that none of the patients swith 
A damage who had a disruption of smoking 
mitted 1 any reductions in their 
pleasure from cating, their desire to eat, oF their 
intake of tod. This does not procluxte the pos- 
sibility that these patients had! some impatient 
‘of taste perception (28, 29) oF had deficits in 
‘other motivated behav iors that we did not assess. 
‘One possibility is that motivated behaviors that 
are fundamental to survival, such as eating, are 
‘supported by redundant neural mechanisms that 
ult to distupt with a lesion in a single 
region. A related possibility is that the in- 
sulaiseritical for behaviors whose bodily effects 
become pleasurable through learning: although 
the bodily effects of eating are inherently plea 
stirble, the bodily effects of smoking are ini- 
tially aversive and become pleasurable as 
auldiction develops (25). I would be interesting 
to see how insula damage alfects other learned 
pleasures. 

(Our findings suggest that therapies that mod- 
ulate the function of the insula will be useful in 
helping smokers quit. For example, sensory 
replacements for smoking, such as denicotinized 
cigarettes and invtant inhalers, are highly effee- 
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tive in reducing unges and promoting abstinence 
(30, 31), Such therapies may work by engaging 
sensory representations of the airway within the 
insula, thereby satisfying the “bodily need” to 
smoke. Future pharmacologic therapies may 
Aanget neurotransmitter receptors that are ex- 
pressed within the insula, In addition, the efficacy 
Of various smoking cessation therapies may be 
monitored by measuring activity within the 
insula with functional brain imaging. Lastly, the 
findings of this study demonstrate that conscious 
feelings, such as urges, are an important com- 
ponent of addiction. 
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Combo System 


www.sciencemag.org/products 


The Omnilog Combo System is capable of both microbial identification and kinetic characterization of 
‘cellular functions. Laboratories often pursue research projects such as strain characterization, compar- 
isons between pathogenic and non-pathogenic strains of bacteria, or product contamination studies in 
which acces to both technologies in a single analytical system helps. The system's proprietary method 
for microbial identification allows laboratories to easily identify and characterize a wide range of gram- 
negative and gram-positive bacteria. With the added capabilites of Phenotype MicroArray technology 
for elucidation of kinetic quantitation of phenotypes, researchers are able to measure cel pathway activ 
ities and phenotypes by analyzing cells under thousands of culture conditions. This provides data essen 
tial to understanding variations among bacterial strains, correlating genotypes to phenotypes, discover- 
ing new targets for antimicrobial compounds, improving and optimizing bioprocesses, and more, Biolog 
microbial identification fs based on the use of 95 different carbon compounds contained in a convenient 
pre filled microtiter format to measure metabolic reactions. This diverse set of tests enables the system 
to identify microorganisms that kit-based methods do not recognize or often misidentiy, 


Biolog For information 510-785-2564 wwn.biolog,com 


Sulthydryl Group Quantification 
Ellman’s reagent is a versatile, water-soluble 
compound used in the quantification of free 
sulthydryl residues. Assays using this reagent 
allow researchers to eliminate the reduction 
and purification step in sulfhydryl cross-linking 
reactions by testing if free sulfydryls are already 
present. Suitable for peptide and protein cou: 
pling reactions, Ellman’s reagent is a quick 
colorimetric assay. 

G-Biosciences/Genotech For iniormation 
800-628-7730 wir, GBiosciences.com 


Custom Microplates 
Porvair Sciences offers custom design and man: 
‘ufacture of microplates for life science, chro 
‘matography, environmental, and medical appli 
cations. Customers can benefit from a range of 
proprietary techniques used in the generation of 
custom microplates, including polymer ultra 
sonic welding, plasma surface treatment, co 
sintering of polymersisilicas, and “two-shot” 
injection molding. Porvair also offers 3 compre: 
hensive range of high-performance 96-well and 
384-well glass bottom microplates that combine 
the advantages of optical properties of glass, low 
background, and low birefringence with the ver: 
satility of a microplate. They are available tissue: 
culture treated to optimize cel growth or without 
surface modification. 

Porvair Sciences For information 

+44 1932 240255 win. porvalt-sciencescom 


‘Multispectral Imaging System 
The In-Vivo Multispectral system can identify 
molecular abnormalities that are the origin of 
disease at a very early stage. n vivo molecular 
imaging allows noninvasive measurement of 
biological processes within a living organism. 
The new system incorporates workflow automa 
tion and advanced multispectral fluorescence, 


www.sciencemag.org 


luminescence, digital x-ray, and radioisotopic 
maging capabilities for in vivo imaging of small 
animals for drug development and life science 
research. The system's computer-controtled mul 
tispectral tuning of excitation light allows the 
identification and separation of multiple fluo- 
fochromes and the removal of autofluorescence 
background. The In-Vivo Multispectral system 
automatically generates and analyzes multispec 
tral fluorochrome images with spatially co-regis: 
tered x-ray and white light images for improved 
locatization of biological markers in vivo. By 
combining multispectral fluorescence with digi 
tal xray, the system allows researchers to pre 
cisely locate, identity, and monitor changes in 
molecular activity of specific cells or organs 
within small animals, long before morphological 
changes can be detected. 

Eastman Kodak for nlormation 877-747-4357 
vwnkodak.com/ga/motecular 


HLA Antibody Analysis System 

The DynaChip HLA Antibody Analysis system 
makes use of an automated microarray platform 
to detect antibody reaction to specific human. 
leukocyte antigens. Up to 96 tests can be per 
formed at the same time in a fully automated 
‘manner, with each test including an array of pro: 
teins. The system includes software for rapid 
analysis of results. 

Invitrogen For information 800-955-6288, 

ve iitrogen.com 


Evaporator 
The Activotec Evaporator is a simple-to-use, low: 
cost parallel evaporator and lyophilizer. Designed 
to be small and light enough to be used safely in 
Conjunction with any rotary evaporator or vacuum 
pump fitted with a cold trap, the evaporator offers 
a productive means of simultaneously evaporat 
ing or lyophilizing solvent from multiple glass 


Vials. The evaporator transforms an ordinary 
rotary evaporator of vacuum pump with a cold 
trap into a productive tool that can evaporate up 
to 33 samples simultaneously, accommodating 
a wide range of vial sizes (3 mi, 7.4 ml, 20 mi, 
22 mil, and 40 mil), Using standard vials for evap: 
oration enables direct transfer of samples from a 
synthesizer to the evaporator, eliminating the 
‘need for liquid transfer with its potential for con 
tamination. Each evaporator vial incorporates a 
‘novel filter through which all solvent has to evap 
orate, thereby minimizing the possibility of sam 
ple (ss of cr0ss:contamination. The evaporator is 
‘manufactured from a Teflon composite material 
chosen for its robustness, chemical resistivity, and 
high thermal conductivity, 

‘Activotec For information +44-1223-260008 
vewncactvote.com 


For more information visit Product-Into, 
Science's new online product index 
at http//science.labvelocity.com 


From the pages of Productnfo, you can: 
* Quickly find and request free 


information on products and services 
found in the pages of Science. 

+ Ask vendors to contact you with more 
information. 

+ Link directly to vendors’ Web sites. 


‘eniy offered instrumentation, apparatus and laboratory 
‘material intrest to researchers in all ciples in cade, 
industal, and government organizations ae featored inthis 
space. Emphasis is given to purpose, ciel characteristics, and 
_ailablty of products and materials. Endorsement by Science 
{© AMSof any products or materials metioned snot implied. 
‘Aitionalirfrmation maybe obtained fom the manufacturer 
{supple by visting wm scenc.labyeleciy.com onthe Web, 
here you can request that the information be sent to you by 
‘ermal fax, mail ortelephone, 
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FACULTY POSITION IN PROTEOMICS/ 
MASS SPECTOMETRY. The Department of 
Pathology at the Univenity of Catorni, San Diego 
(UCSD), websit 
Pathology, secks a Ph.D. in chemisry 0 
“Gay Watt igniicne experiaec fa tie wae of ass 
spcctometry to analyze complex. protein solutions, 
Appointment & available at the ASSISTANT or 
ASSOCIATE PROFESSOR kel. The successful 
‘candidate will be expected to develop and direct a 
Ste-of the-art mass spectrometry proteomics facil 
ity and to have a strong understanding of innovative 
technology development in this area. Working in 
collaboration with biologists and biochemist: i the 
Department of Pathology, the new appointee will 
build a research program in biomarker diacencry. This 
team effort wil Foous on eancer, ncuredegencration, 
infectious diseases, and cardiovasculr sciences. At 
least three years of postdoctoral expericnce, strong. 
arex-speciic publications, an understanding of the use 
‘of bioinfoematics in the’ analbss of proteomics data, 
‘outstanding communication skills, and an atvlity t0 
collaborate are required. Please forward application 
Kctters adresse! tor Search Committee Co-Chairs, 
Drs. David Cheresh and Steve Gonias, ogethcr with 
‘curriculum vitae and names/addresses of at Keast 
thece reference, ¢/0 Ms. Catherine Schumacher, 
Search Coordinator, Department of Pathology 
0717, University of California San Diego School 
‘of Medicine, 9500 Gilman Drive, La Jolla, CA 
92093-0717. Applications by e-mail are acceprable 
to e-maikedschumacher@ucsd.edu. Review of 
applications will begin March 2, 2007, and. will 
continue until filed. UCSD wa Afimstive Ato 
Equal Opportiaty Employer wth 3 
imiiment cule Brogden. 
ASSISTANT PROFESSOR OF BIOLOGY. 
‘One-year sabbatical replacement position begi 
ring September 2007. Ph.D. requited, Salary cor 
potitne. Responsibilities include team-teaching. the 
a and genetics and 
upper-level courses in his/her area of specialization, 
Preferred ateas include microbiology, immunology, 
‘developmental biology. Kalamazoo College i 3 
iahly lective, nationally known bbcel arts college 
that takes pride in ts tradition of outstanding undsr 
graduate scicnce education. Candidates are expected 
to have high apeitude and interest in undergraduate 
liberal arts, For 
imore information pase see website: http://www. 
kioo.edu. Completed applications received by 
March 15, 2007, will recive fill consideration; later 
applisations revicwed as needed until the poution i 


filled, Send letter of application, © 
undergraduate and graduate transceipes (unoficil 
acceptable), statement of teaching philosophy and 


research interests, and thrce letters of recommends 
o: Dr. James Langeland, Chair, Department 
‘of Biology, Kalamazoo College, 1200 Academy 


College encourages candidates who wil contribute 

the cultural diversity of the College to apply and 
to idenrify themsclves they wish, Lopul Oppominty 
Exper 


FACULTY POSITION 
Department of Biochemistry 
‘Tulane University School of Medicine 

‘The successful candidate will be expected to cos 
duct a nationally competitive reacarch program in 
the biochemical acienccs and te play a leading role in 
‘maximizing the impact of the Department's educs 
tional actnities on the medical school’s doctoral 
(M.D. and Ph.D.) taining programs. Rank, salary, 
Sartup, and tenure considerations will depend on) 
the candiate’s experience and potential for substan 
tive contnbutions to our academic crvironiment. Send 
ssumculum vitse and a statement dewnbing research 
interests and carcer goals to the: Biochemistry Search 
Committee, TUHSC SL43, 1430 Tulane Ave- 
ruc, New Orleans, LA 70112-2699 cr by e-mail 
biochemetulaneedu. 

Talane Urverty a Affomatine Action Esl Oppor- 
taoaty Enmloye ad ensonages application Fm manent 
sromen, amd wher guahifed pene 


SAN FRANCISCO 
STATE UNIVERSITY 


DIRECTOR, CENTER for 
SCIENCE and MATHEMATICS EDUCATION 

We invite applications forthe postion of Director 
of San Francsto State Universi’ new Center fr 
Science and Mathematics Education. The Center as 
thc created bo recrit prepare, anc support good 
sence and mathematics eather foster educational 
rscarchy and devel a K to 1f-px community of 
‘slucator. The Director will kal and manage the 
Center, pan and coordinate it activi in collabo 
fation with the faculty, and supement its but 
through externa grants. Candaates should have a 
PhD. in math, scence, or math or scence educa 
Son, and a leat ve yeas inerasingly response 
xpcience adminiseting educational progras 

The Dicctor postion #s2 flim, nontaculy 
Administrator, II management positon inthe 
allege of Science and Engincering. (For more 

formation, ce website: htpe/ /euriesBu.eda/ 
‘ame/peopic/DirectorAd.pal.) Applications. wil 


be considered beginning March 5, 2007; the 
position will remain open titi Billed 
San Francisco State University (SESU), website: 


hup://www.sfou.edu, a campus of the California 
State’ Ciniversiy system, serves a diverse student 
body of 30,000 undergraduate and yraduate sts 


dents. SFSU is an Epial Opponunity/Ameriaan with 
Disasocy Act Employer and has stom sommiinen! 
the painipls of det 


The Biology Department at Clarkson Univenity 
invites applications for DIRECTOR OF FIRST 
YEAR OLOGY tthe level of ASSISTANT 
PROFESSOR. This nonenune track, full-tin 
sewable penton is appropriate for dostoraevel 
pcan the hie Mens sonic 
fclnce in teaching inrdctory college Biology in 
trth cture and laboratory format. Experience and 
emonstated saccew in teaching a broad aray of 
topes in contemporary biblogy wo both. biology 
mnajors and. nomclencesnajors are required, The 
poston indodes responsiblity for dexgning and 
Implementing aborstory exercises, traning. and 
siperoung teaching asasant, and’ conicing a 
nnwal departmental teaching awscssment, Cand 
‘Stes with research experience wo ae interested in 
caning on eo fed pag 
laboratory-based proxets are expecily encouraged 
to apply. Clarkson ba small private Univerity with 
mnimn focused on technology serving humanity 
Poradam san cducitional am culturl center of 
heen Now York located in proximity to the 
Adirondack Park and within two urs of Orava, 
‘Montreal and Lake Pci. Applicant show sti 
cover letter with cumicuim stay 2 statement of 
teaching. philosophy, and contact information for 
ace oF tore references in one PDE. ie to e-mail 
iologyncarchi@clarksone or by ma to: Biology 
Search Committee, 10. Box 5805, Clarkson 
University, Posdam, NY 13699. Applications 
reccived beiore February 28, 2007, wil recive fall 
‘muadraton: Postion number 77-08. Clason Uni 
fet an Egil Oppronty Afi Aries Epler 


DIRECTOR OF THE ENERGY POLICY 
INSTITUTE AND ASSOCIATE DIRECTOR OF 
CENTER OF ADVANCED ENERGY STUDIES 
Boise State University 

‘The Department of Public Policy and Adminis: 
tration at Boise State University is sccking qual 
‘nlivaduals to apply as a SENIOR LEVEL PROFES- 
SOR to serve as the Director of the Energy Policy 
Institute, For information about the pos 
fam tap pee se poston number A 
67 on our website: us boisestat.edu/ 

f gest ha Cia ae 
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Tenure-Track and Tenured Investigator Positions & st 
0 in Systems Immunology and Infectious Disease Modeling eS 
‘The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Rescarch (DIR) is seeking several outstanding 
individuals for its new Progeam in Systems Immunology and Infectious Disease Modeling (PSUM). 
Modern technology allows the analysis of immune responses and host-pathogen interactions at multiple levels—from intracellular sig- 
naling networks, to individual cell behavior, to the functioning of a tissue, organ, oF even whole organism, The challenge is not only to 
collect large amounts of data, but also to organize it in a manner that enhances our understanding of how the immune system operates or 
how pathogens afect their hosts. To do this, we nsed to develop detailed quantitative models that can be used to predict the behavior of 
4 complex biological system. These models can help to explain the mechanisms undelying physiological and pathological responses 10 
infection or vaccination, which can then be exploited to design better therapies or vaccines 
Achieving this goal requires an interdiscipisnty effort and to this end the PSHM will be orgabized as an integrated team of scientists 
‘and support stall with expertise in computational biology, bioinformatics, proteomics, cell biology, immunology, and infectious diseases, 
rather than as a group of independent laboratories. These teams will have access to the latest technology for gene-expression profiling, 
high-content sereening of RNA libraries for the discovery of pathway componcnts, imaging tools, cores for the genetic manipulation of 
animals and for protcomic analysis, and a substantial computer infrastructure. BSL-3 facilities for working with high priority pathogens 
Will also be available 
Although the PSIIM has been established within NIAID and has an immune system infectious disease focus, we expect it to foster the 
srowth of systems biology efforts at other NIH Institutes, primanly through the development of new software tools for complex systems 
iodeling and methods for high-throughput screening. Thus, PSIIM tcam members are expected 10 interact extensively with other NIH 
‘scientists and with extramural groups in the U.S. and abroad who share our interest in a systems approach to biology, 
‘The PSIIM is now recruiting for tenure-track or tenure level team leader appointments in three key area: 


‘Computational Biology: The incumbent will kad a group focused on the development and improvement of software tools for multiscale 
modeling and simulation that can be used by the PSLIM as well as by biologists interested in subjects other than imimunity or infectious 
diseases. The ideal candidate will have a strong background in mathematics, physics, and computer programming, and a clear desire and 
ability o interact with and support the efforts of biologists. A demonstrated ability to gencrate computer software tools for biological 
modeling will be a strong phi. 


MoleculariCel! Biology: The incumbent will lead a group involved in the design, implementation, and interpretation of screening efforts 
to identify and determine the interactions among the components in signaling nctworks that could then be modeled using the sofiware 
‘generated by the computational biology team or obtained from other sources. Discovery tools suchas gene arrays, high-content image-based 
sereens using RNAi methods, various protein-protein hybrid screening methodologies, and optical imaging are expected tobe key elements 
inthe efforts of this group. A strong background in basic cell biology and molecularbidlogy with experience in analysis of protein-protein 
interactions, signaling. and/or gene regulation is required, Expertise in lange-scale sereening is highly desirable, 

Infectious Diseases: The incumbent will be responsible for developing novel approaches to systems-wide analysis of the interaction of 
infectious agents and their hosts. These may include the use of genc-expression signatures, the production of gene-modified animals, the 
«development of methods for in vivo testing of the predictions of models. and the use of sophisticated imaging and other tools for probing 
the interaction of pathogens and host cells in vitro.A strong background in viral and/or bacterial infectious diseases and cell and molecular 
biology are necessary: training in the immunology of infectious diseases and substantial bioinformatics experience are highly desirable. 
These positions and the research activities they conduct are fully funded by the intramural research program of NIH. Each team leader 
is expected to build a working group consisting of postdoctoral fellows. staff scientists technicians and students. The team leaders will 
work with the program director to help set the goals forthe PSHM and to determine how best reach these goals as an integrated group. 
To ensure appropriate carcer trajectories for those joining the PSIIM team, the NIH has modified its tenure decision policies to encourage 
‘and account for contributions made in such a team science setting. Applicants should be secking a dificult challenge in which ereativity, 
technical expertise, and a strong desire to achieve ina team environment are critical for success. 


Interested candidates may contact Dr. Ronald Germain, Program Director, PSHM, DIR, NIAID at 301-496-1904 or rgermain@niaid. 
niih.gov for additional information about these positions. 

‘To apply, submit your curriculum vita, bibliography, and detailed statement of how you can contribute to the success ofthe PSIIM program 
to Felicia Braunstein at braunsteinfia niaid.nih.gov. In addition, three letters of reference must be sent directly from the referee to 
Dr. Robert Hohman, Chair, NIAID Search Committee, c/o Ms. Felicia Braunstein, DIR Committee Management Team Lead, 10 
Center Drive, MSC 1356, Building 10, Room 4431, Bethesda, Maryland 20892-1356, Completed applications MUST be received by 
February 16,2007 for computational biology, and March 16, 2007 for Molecular/Cell Biology as well as for infectious discases. Please 
refer o ad #012 for computational biology, #013 for molecular/cell biology, and #014 for infectious diseases on all correspondence, 
Further information on these pesitions and guidance on submitting your application are available at http:/Mhealthrescarch.niaid.nihgov. 
For more information about the NIAID systems biology program. please visit ttp://ww w.nih.gov/catalyst/2006/06.09.01/pagel..itmal 
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TENURE TRACK POSITION 
LABORATORY OF CELLULAR AND MOLECULAR BIOLOGY 


The Laboratory of Cellular and Molecular Biology (LCMB), Center for Cancer 
Research, of the National Cancer Institute, National Institutes of Health (hp 

ecr-cancer-gov/labs/lab.asp2Tabid=64) has a long tradition of excellence in the 
investigation of signal transduction pathways involved in both normal celular 
function and malignant transformation, The Laboratory now invites applications 
fora tenure track investigator to developan independent basic research program 
in cellular and molecular biology with emphasis on understaiding basic signal 
transduction processes, Areas of potential interest neue but are not restricted 
to the role of signaling pathways in stem cell biology, inflammation and cancer, 
Jor malignant transformation. The applicant should hold a Ph.D, M.D., oF 
IM.D., Ph.D. degrees. Salary is commenstrate with education and experience. 
This position is supported by the intramural Center for Cancer Research of 
the National Cancer Institute. A two-page statement of research interests and 
coals should be submited in addition to three letters of recommendation and 
Ja curriculum vitae by March 9, 2007 to: Mrs Erin M. Breedlove, Executive 
Sccretary, Laboratory of Cellular and Molecular Biology, CCR, NCI, Building 
37, Room 2066, Bethesda, MD/20892-4256; phone: 301-496-9683. Fax: 301- 
496-8479, email breedloveetdémail.nih.gov, Candidates must be US. citizens 
Jor permanent residents. NIH Tenure track investigators with educational debts 
may be eligible forthe NIH Loan Repayment Program. The NCI is an Equal 


JOpportunity Employer, 
WG Laboratory of Persistent Viral Diseases 
Rocky Mountain Laboratories, Hamilton, Montana 


The Laboratory of Persistent Viral Dsexéc (LPVD), Rocky Mountain Laboratories, NIAID, 
NIH, DIS, in Hamikon, Montana, seks applicans for a tenured or tnuretack postion 
ful to assistant professor equivalent) to conduct independent rescarch on host amune | 
nammatory esponses a ncuropatbogenic viral diseases Candas wth a backyround in 
apive ot innate immunity inching eewoiftarmation and pits ae prefered; those 
interested in aeurobioloy: biochemist opathogenexsof CNS info ae abo encouraged 
to apply. Candidates mast hold a Ph.D. D.V.M, o¢ M.D. degree and havea minimum of 3 
yeas of relevant postdoctoral experience. Candidates mistbe able to develop an independent 
escarch program, supervise sta and fellows, ad collaborate wih other LPVD researchers 
working on CNS vial o prion diseases. 


Rocky Mountain Laboratories’ stte-othe-a facilities include an operational BSL fail, 
BSL band anima! facility eating completion, and in-house cove Flies fr genomics. 
 lecron microscopy, and flow cytometry. Research programs focus On pions, murine reo 
ses, IV, avviuses, an numerous pathogenic prokaryote organs. The labs located in 
nc conic irre Valley of western Montana with easy acces to some ofthe Finest outdoor 
ecteational opportunities in Nonh America, Additional information othe postion ay be 
cbuined by contacting Dt. Bruce Chesebo at beheseboit nid nh gov. 


Application Process: Salary depends on deyree and qualifications. To apply. submit cu 
iculum vitae and bibliography, including alist of your five most significant paper, and a 
2-3-page description ofa proposed research program, vi e-mail to Ms. Felicia Brauastein 
at braunstinfdniaid.nih.gov. In oddsion, three leter of recommendation rast be seat 
ict fom the eferes to Ms. Felicia Braunstein, Committee Manager, NIAIDNIH; 
10 Center Drive, Bld, 10, im4A31, MSC-1356; Bethesda, MD 20892-1386. Applica 
tions mast reference AD #010 and mst be received by Marek 9, 2007. Applicant willbe 
notified when thei applications ae received and then complet. All information provided 
by applicants wil remain confidential 


Tenure/Tenure-Track Position 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS, 


Functions of Sir2 
and Nuclear Receptors 


Research Triangle Park North Carolina 


Pcp are avast mnie inthe Laboratory 

4 Signal Transduction atthe National insttute of Environmental Heath 
‘Sciences NIEHS), a major research insttute ofthe NIM located in 
Research Tangle Park, North Carolina, NIEHS offers an oustand 
‘esearch enironment and has been constant rated by The Sci 
‘sone ofthe best places for post-docsto work. 


Our research focused onthe oes of NAD-dependent protein 
‘deacetylase Sir? and corresponding post ranslationa modfication 
nuclear receporsin aging and age-associated diseases. We have 
‘shown that SIRT, the mammalian of Sir2,physicaly interacts 
and deacetlates Liver X Receptors (LXRs, thus regulates their transcrip- 
‘ional activity and cholesterol homeostasis. Curent research areas include 
‘nuclear receptor sialing patways regulated by SIRT! and ther oles 
‘anette, pg ad metabolic dese suchas ares 


‘We seek highly sel-motivated individuals who havea song background 


‘signaling and var regulation, and areinterested 
tsetse ps ray poses 5 
isa plus. pleasesend a g a 
cover eter, CV and ist of thre references, a 
‘toDr. U at emat: ee 
.90v. 
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The NIH Director's Wednesday Afternoon 
Lecture Series 


Biomedical seientists around the World are inVited to join us online 

to hear eading investigators present their latest results to the NH In- 

tramufal Rescarch community. Lectures may be viewed live at 3:00 

pam, EST (20.00 GMT) on Wednesdays, from September through 

June. Live websasts can be viewed under “Today's Events” at 
tutpy/videoxast nih gov > 


The current Schedule of lectures is available at: <htp:/www1od.nih 
gov wals/schedule hum> 


Upcoming Lectures: 


‘January 10: Thomas J. Sithayy, Princeton University: Outer mem 
brane Biogenesis in Gram-Negative Bacteria 


‘January 17: Joshua LaBaer, Harvard Medical School; Functional 
Proteomics for Biomarker and Target Discovery 


anuary 24: Robert G. Griffin, MIT, Cambridge, MA: Solid 
NMR of Membrane and Amyloid Proteins 


‘January 31: Clara Fran 


:mstrong, University of Pennsylvania: 


Protein Interactions in Calcium Release Unils of Skeletal and 


Cardiac Muscles 


Department of Health and Human Services 
National Institutes of Health 
Clinical Center 


Chief, Clinical imaging Sciences Department 


The National Institutes of Health (NIH) invites candidates with outstanding clinical eadership and scientific eredemtials to apply for the position of Chie, Cli 
cea Imaging Sciences Department, Clinical Center, Bethesda, MD. The Clinical Imaging Sciences Department isa multidisciplinary program with radiolo 
scientists, and support staff who provide clinical services and imaging research in the NIH Clinical Center, the world’s largest hospital totally dedicated to 
‘translational clinical research, 


The NIH Clinical Center Clinical Imaging Sciences Department is a unique medical énvifiment witha diverse stafT of 130 individuals. The departinent bas 
‘undergone an extensive multi-million dollar renovation which inchudes state-of-the-an mulhidetector CTs, 1.ST and 3T MRI units, an interventional suite with 
1 dedicated CT, ultrasound, stereotactic breast biopsy, digital Nuoroscopy and radiggraply. A recently updated PACS system provides electronic archiving 
‘throughout the Clinical Center. The Nuclear Medicine componet inchades PET-CT and SPECT¢CT as weltas conventional gamma cameras, There are extensive 
‘opportunities for independentand collaborative clita and imaging rescarch with the diverse Institutes within the NIH. The department has an extensive research 
inffastructure which includes fully-equipped molecular biology laboratory, cold and bot chemistry facilites, afescarch MIR facility, and access toa Molecular 
Imaging Laboratory which houses microCT, ultrasound, and optical imaging 


Te dal candidate will bea board Grtied niiolopst with extensive academic enical and managerial experience in providing radiological services. The indi- 
Vidul should have made significanteontrbutions to te scientific peer-reviewed imaging literature and havea clear vision for combining excellent clinical imaging 
services with unique clinical andor basic research program. The appointment mechanism (Tenure, Tenure-Track, Seniof Clinician) willbe commensurate with 
experience, The salary and benefits package will be competitive. 


Candidates should submit their @Y, eter of interest, and the names of six references 10 Ms. Colleen McGowan, Office of the Director, CC, NIH, Bldg 10, 
CRC, Room 6-2851, 10 Center Dr, MSC 1504, Bethesda MD 20892 or via email at emegowan’ ce.nih.gov. Materials should be submitted by February 
28, 2007, 


Health Scientist Administrator 
National Institute of Dental and Craniofacial Research (NIDCR) 


‘The National Institute of Dental and Craniofacial Rescarch (NIDCR), National Institutes of Health (NIH), Department of Health & Human Services 
(DHHS) is seeking applicants for a supervisory Health Scientist Administrator position in the Center for Integrative Biology and Infectious Diseases 
(CIBID). The position advertised is for the Chief of the Translational Genomics Research Branch.» The Branch Coordinates the development and 
implementation of the NIDCR extramural basi¢ and! traislational genomics research program related to NIDCR-relevant human and microbial genetics 
omic. To this end, areas of basic and applied rescarch in the NIDCR mission include: infectious diseases such as dental caries and periodontal 
iseases, microbiology, molecular and cellular neuroscience, developmental Biolog¥. mineralized tissue and salivary gland physiology, immunology and 
immunotherapy epithelial cell regulation and transformation, as Well as biomaterials, biomimeticsand tissue engineering. and behavior, health promotion 
‘and environment, In addition, there are cross-cutting programs involving clinical trials and comprehensive centers of discovery. 


‘The incumbent will direct and oversee the administration of a portfolio of research projects employing translational genetics and genomics research 
strategies targeted to NIDCR-televant diseases and will stimulate interest in and provide advice to the extramural community regarding the respective 
research portfolio. In addition, the incumbent will participate in funding decisions, policy development, as well as implementation and coordination with 
other programs both within and outside of the NIDCR. 


‘The salary range for this position is $107,521 to $139,774 per annum, commensurate with qualifications and professional experience. A full benefits 
package is available, which includes retirement, Thrift Savings Plan participation, health, life and long-term care insurance, 


Applications will be accepted through February 15, 2007. For qualifications required, evaluation criteria, and application instructions, view the vacancy 
‘announcementsat: http://jobsearch.usajobs.opm.gov/a9nih.asp . Referto announcement # NIDCR-07-162498-DE or NIDCR-07-162738-MP. Please 
contact Elan Ey at 301-S94-2320 or eved@ mail.nih.gov if you have questions, 
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DIRECTOR 
International Institute for 
Applied Systems Analysis 


emnational Institute for Applied Systems Analysis (IIASA), 
located near Vienna, Austria, is socking a highly qualified scientific 
leader for the position of Director beginning 1 July 2008. The sue- 
cessful candidate will oversee and guide a diverse research program 
combining natural and social science to produce scientifically based 
policy guidance on issues related to global change. Candidates should 
combine a vision for IIASA with scientific excellence, management 
and diplomatic skills, fundraising accomplishments, and broad 
experience in interdisciplinary, policy-relevant research, The Direc: 
torshould be an effective and active advocate to expand participation 
in and membership of HASA. The Director supervises approximately 
200 scientists and suppon staff from 30 countries, 


IIASA is independent, governed by an international cons 
National Member Organizations. Applicants should have 

written and spoken English, the working language of the Institute 
The Institute's management and staff alike are committed to a work 
{ng environment that promotes equality, diversity, and tolerance, The 
Institute encourages applications from all qualified candidates, 


The post is a 3-year position with the possibility of renewal, Sal 
and benefits are competitive with comparable international organi 
zations. Review of applications will begin on 1 April 2007, Submit 
letter of application, CV, bibliog 

thee references, to: Professor Pentti Vartia, Chairman of the 
Search Committee, c/o Tiina Forsman, The Academy of Finland, 
Vithonvuorenkatu 6, P.O, Box 99, FIN-00S01 Helsinki, Finland, 


‘hy, and contact information for 


For more information about ITASA and this position, visit our webs 


BIOLOGICAL SCIENCES 


‘The Department of Molecular Pharmacology at the Albert Einstein College of 
Medicine is searching for tenure track faculty. Candidates may apply for 
positions at any academic level 


Key criteria include: a record of excellence in research: an innovative research 
plan that will address fundamentally important biological problems: and a 
‘commitment to training and teaching fellows, graduate and medical students 
Specific areas of interest are: mechanisms of action of drugs, hormones, 
‘oncogenes, growth factors, and neurotransmittes: receptor functions, 
‘hyslology and regulation: gycobiology relevant to receptors and specificity of 
protein interactions; regulatory enzymes: structure/function of plasma 
membrane transporters signal transduction, second messengers and protein 
‘hosphorylation; regulation of cell functions by proteolysis, intracellular 
targeting and tralficking of vesicles and regulatory proteins: and drug resistance 
Areas targeted for development of Molecular Pharmacology include proteomics 
micro RNAs, chemical biology: and regulation of multiprotein complexes. 


Molecular Pharmacology is broadly interpreted and investigators employing 2 
‘variety of model systems willbe considered. NIH-—funded centers for Cancer 
Diabetes, Obesity and Liver diseases provide outstanding colleagues! 
collaborators and cote facilities foe members ofthe Department. Members of 
the Molecular Pharmacology Department will participate in creation of the 
Price Center for Genetics and Translational Medicine, which ell open i eatly 

08. State-oftheart centers for Biophotonics-Imaging. Structural Biology 
fand Chemical Biology will be expanded in the new facility. Substantial 
resources are committed to start and sustain laboratories of recruited faculty. 


‘Abert Einstein College of Medicine is located in a residential area of the 
northeast Bronx, with close proximity to Westchester County and Manhattan. 
‘Acurriculum vitae, statement of research interests, future plans and names of 
three references should be sent via email to molpharm@aecom.yu.eda or by 
tall fo Ma, Anan Cloth, ‘Admietstrnte, Departerst; of Malecler 
Pharmacology, Albert Einstein College of Medicine, Jack and Pearl Resnick 
Campus, 1900 Morris Park Avenue, Bronx, NY 10461. EOE 


ALBERT EINSTEIN 
(@ ) coutece oF MEDICINE | 


Mo Aarancingcience,bullng carers 


FACULTY —- TENURE TRACK 


MICHIGAN STATE 
UNIVERSITY 


Chemical Carcinogenesis or Developmental Toxicology 
Tenure-Track Faculty Position at Michigan State University 


The Ceaver for lnegrative Tosicology (CIT) at Michigan Site University 
nvtes applications fora tenuresrack academic year faculty postion atthe 
Assistant or Associate Profesor level. The CIT has over 40 afiated faculty 
‘members and administers a Superiund Program Project grant and a Training, 
grant, both awarded by the NIH, NIEHS. We are sceking candidates with 
pense in ether chemi: opmental toxicology to 
rengihen our growin imetes 18 these ateas. Candidates should hive a 
PhD. degree in Tawicology or a related discipline, postdoctoral research 
experience and demonsrated success in obtaining extramural funding 

This postion invohes a jeint appointment in the CIT and in a biomedical 
science depariment (¢4,, Bochemisity & Molecular Biology, Food Science 
anal Human Nutraion, Pharmacology & Toxicology, Physiology) consistent 
‘with hisher expertise and interests. In adtion 1 contributing othe CIT, the 
Candidate will have the opportunity 

jerdsciplinary research and training programs including the National Food 
Safety and Tewacelogy Center, the Center for Bi odeling, Breast 
Cancer and the Environment Research Centers and the Genetics and 
Neuroscience Programs. He/she will be expected to esablish and maintain an 
tnklependem and exiramurally-funded research program and 40 
the teaching and service missions ofthe department and the CIT 


ted individuals should send their curriculum vitae, statement of 
and fare research plans, and 3 letes of recommendation 
‘Genter for Integrative Tonicology, 165¢ 
logy Duikding, Michigan’ State University, Exst 
Electronic submissions may be seni tw: 
sued, Review of applications will begin March 2007 and will 

tinue uni the postion i filed. 


DEPARTMENT OF COMMUNICATIONS, MARINE AND NATURAL RESOURCES 


ROINN CUMARSAIDE, MARA AGUS ACMHAINNi NADURTHA 


Charles Parsons Energy Research Awards 
20 Researcher Posts (7 year Contracts) 
34 PhD Studentships 


This is an innovative scheme recently established by the Minister for Communications, Marine & Natural Resources of Ireland with 
the objective of developing Irish energy research capacity. The initiative also seeks to attract mobile early stage researchers from 
abroad to Ireland and encourage Irish researchers to visit and work in international centres of energy research. 

7 Research Groups/Centres were successful in their bid for the Awards following evaluation by international experts. The research 
groups/centres are located in Higher Education Institutions on the Island of Ireland (32 counties) and have the capacity to conduct 
innovative research and provide research training. The following are the research groups/centres supported under the scheme and 
their parent universities 


Bioresources Research Centre (BRQ), University College Dublin 


Contact: Prof. Shane Ward. Email: shane.ward@ucd.ie 
Tel: + 353 1 7167351. httpyAwww.ued.ie/bioresources/ 


Research Group requires ~ 3 Researchers; 4 PhD Students 


lectrical rch Cluster, Queen’ 
Crd ently Electrical Power & Energy Systems Research Cluster, Queen's University Belfast 


Belfast Contact: Dr. Damian Flynn. Email: dflynn@ee.qub.ac.uk 
Tel: + 44 28 9097 4268. http://www.ee.qub.ac.uk/power! 


Research Group requires ~ 2 Researchers; 5 PhO Students 


Hydraulics & Maritime Research Centre, University College Cork 
Contact: Dr. Tony Lewis. Email: tlewis@ucc.ie 
Tel: + 353 21 4250021. httpy/hmrc.uce.ie 


Research Group requires ~ 4 Researchers; 3 PhD Students 


Centre for Sustainable Technologies, University of Ulster 


Contact: Dr. Neil J Hewitt. Email: nj-hewitt@ulster.ac.uk 
Tel: +44 28 9036 8566 


Research Group requires ~ 4 Researchers; 4 PhD Students 


Electricity Research Centre (ERC), University College Dublin 


Contact: Ms. Rose Mary Logue. Email: erc@ucd.ie 
Tel: + 353 1 7161858. http/ee.ucd.ie/erc! 


Research Group requires - 2 Researchers; 7 PhD Students 


Microbial Bioenergy Group, National University of Ireland, Galway 


Contact: Dr. Vincent O' Flaherty 
Email: vincent oflaherty@nuigalway.ie 

Tek: + 353 91 493734. httpu/www.nuigalwayie/biogen 
Research Group requires ~ 2 Researchers; 4 PhD Students 


Charles Parson Research Initiative & Graduate School, University of Limerick 


Contact: Dr. Martin J. Leahy. Email: martin leahy@ul.ie 
Usiversrry Tek + 353 61 213056. httpziwwwcpi.sl.ie 


rs 
LIMERICK Research Group requires - 3 Researchers; 7 PhD Students 


The research groupsentres above will be advertising shortly for the following positions: 
Researchers - Up to seven years funding on salary scale €55,000 to €80,486 p.a. and a significant pension contribution. 
Researchers should have obtained a PhD and have 3 years postdoctoral research experience. Researchers may come from relevant 
disciplines according to the requirements of the individual research groupsicentres 
PhD Studentship - Stipend of €18,000 p.a. plus tuition fees. As part of the PhD studentship funding is available for stays in 
international centres of excellence. As this measure is designed to stimulate engineers into energy research, PhD students must be 
graduate engineers. 
Interested candidates should contact individual research groupscentres directly for further information on the application process. 

The Charles Parsons Energy Research Awards is an initiative under the Irish Government's 

‘Strategy for Science, Technology and innovation (2006-2013) 
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UNIVERSITAT BASEL 


‘The Faculty of Science (Philosophisch-Naturwissenschaftlche Fakultat) of the University of Basel 
invites applications for the position of 


Professor of Chemistry 


‘The candidate is expected to have an exceptional tack record in inorganic chemistry. The Univer- 
sity of Basel has paonity research areas in Life Sciences and Nanoscale Soences and hence we 
ate seeking excellent candidates with internationally recognized research programmes in any ares 
of 


Bioinorganic Chemistry 


‘The successful person will participate in tesching inorganic chemistry at all levels of the BSc. 
MSe- and PhO programmes. Depending on the candidate's qualifications, the appointment wall be 
a tenured Associate oF Ful Professorship. 

‘The Department of Chemisty is located near the centre of Basel, a town which provides a stimw- 
lating and attractive environment for interdisciplinary research due to the concentration of science: 
‘institutes and chemical and pharmaceutical industry. 

For further information see http:/weew cherie. unibas.ch 

tis hoped thatthe successful candidate wil commence the appointment February 2008, or as soon 
85 possible thereafter. Applications received by 1” April 2007 wil be guaranteod ful consideration 
‘The University of Basel is an equal opportunity employer. Applications from women candidates sre 
pprticularly encouraged. Applicstions, including a cumiculim vite, lst of publications, names of four 
Toferees, outine of current and future research plans should be sent on CD (one 2p file inducing 
all documents as pd files) and on paper to the Dean of the Facuity atthe following adress: Prot. Or 
phi. Hans-Peter Haun, Dekanat der PrulosophischNatunwissenschaftichen Fakulat, Kingelberg- 
strasse 70, CH-4056 Basel 

For further information please contact: Prof. Or Wel-0. Woggon, Head, Department of Chemisty, 
‘TolsFAX: +41 61 267 11 02, Emal: WolF-D Woggon@unibes ch 


Bowpoin COLLEGE 


Marine Biology 


The Bowdoin CalageBilogy Dopo! sees opplcans 
foro oneyervating focey postion in mre biogy 
Condit shuld havea PhD. by August 2007 nd wil 
‘be expected (toch 3 counes ding he 07/08 
codec year © moj ore coune in marine biology 
who weely oborotry. on advanced couse w hee 
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Tha portion encourages the ve of on clcampur dak 
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se/resources/marine shtml) 

Review of appears wil begin March 1, 2007, Pose 
seed @ caida we, Stenen' of woching ond recrch 
snare nd expertise, ond nonge fr 3 kta of 
‘recommendation o be frworded i: Marine Biology 
Search, Dept of Biology, 6500 College Station, 
Bowdoin College, Brunswick, ME 04011. For 
the lemetion aba the clege, he depart, 
cond he pogrom, plone se or web 
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TEXAS TECH UNIVERSITY 


HEALTH SCIENCES CENTER’ 
‘at Amarillo 


Mrs. J. Avery Rush Endowed Chair in Women's Health and Oncology 
The Texas Tech University Health Sciences Center (TTUHSC) Women’s Health Research Institue is 
pleased to initiate the search forthe newly established Mrs. J. Avery Rush Endowed Chaitin Women’s 
Health and Oncology, The aim ofthe Rush Endowed Chair isto contribute to the growth and excellence 
of the established TTUHSC Women's Health and Oncology research and clinical programs. Areas 
oF high research interest for the Rush Endowed Chair include breast, ovarian and other gynecologic 
‘malignancies, This academic postion includes research, clinical and teaching activities to be adapted 
tothe successful applicant's research program and clinical sills. 

Accordingly, the successful applicant will ypically have attained an MD, MD/PAD or an equivalent 
‘degree, have both clinical expertise, an established extramurally funded research program in women’s 
health oncology and be eligible for Texas medical licensure. The Rush Endowed Chic will hold an 


academic appointinent at the rank of associate or full professor in the appropriate TTUHSC SOM 
Adepartment(s), Dual departmental/school appointments are available. 


‘TTUHSC’s campus includes Schools of Medicine, Pharmacy and Allied Health. Each academic unit 
offers a collaborative, collegial environment that incorporates a wide variety of research and clinical 
areas of expertise. TTUHSC Amarillo has focus areas of excellence in the areas of geratrics/aging. 
‘women’s health and cancer. Thus, there are many opportunities for eoss-collaboratica with established 
researchers 
TTUHSC SOM administration and faculty are strongly committed to the growth and success of an inte- 
srative cancer research program and welcome qualified candidates to apply for this exciting position. 
Applicants are requested to submit a curriculum vitae and personal statement describing motivation 
for application and strengths related to building an integrated cancer research program. Please subwnit 
documents online at hp /jobs.texastech edu (job requisition #73143). Questions or inquiries are 
‘welcome and should be directed to: 

Marjorie R. Jenkins, MD 

‘Search Committee Chair 

‘Co-Director, Women’s Health Research Institute 
1400 Coulter Drive Amarillo, Texas 79106 
(806)354-5480 
Marjorie Jenkins‘attubse.cd 
TTUHSC is an Equal Employment Opportunity Employer (EOE). 


Staff Biochemist 


Perform 
studies to determine effects of 
novel drugs on spinal cord 


electrophysiological 


neuron activity following inflam~ 
mation or neuropathy, Eval anal- 
gesic activity of novel drugs for 
inflammatory & neuropathic 
pain. Design experiments, collect, 
analyze & summarize data, using 
various math & statistical soft- 
ware/prog languages. Min Req. 
MS in Bio, Chem Eng or Biomed 
Eng & Zyrs of lab exp performing 
electrophysiological & behavioral 
studies w/ rodents. Job location: 
West Point, PA. CV to J. Kennedy, 
Merck Research Labs, WP1-3, 
770 Sumneytown Pike, PO Box 4, 
West Point PA 19486. Merck is an 
equal opportunity employer, 
M/F/DIV ~ proudly embracing 
diversity in all ofits manifestations. 


Newcastle. One of only six Science Cities. 
One growing and prosperous region. 


One great place to live and work 


Internationally-Leading Professors in 
Molecular Engineering & Energy and Environment 


Newcastle Science City 


TRANSFORMING TOMORROW 


Energy and Environment, ir r 
pencence ‘energy ffom the geosphere, fue cal, hycrogen 
a astle Science Ci, 
ough engagement ina major naw 


Energy and Environment, 


For further details of how to apply for these posts, please visit 
‘our website at www.ncl.ac.uk/sclencecity 


Closing date: 16 February 2007 
<9) Newcastle 
University 
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Department of Health and Human Services 
National Institutes of Health 
National Institute of Environmental Health Sciences 
Research Triangle Park, North Carolina 


Editor-in-Chief 


Environmental Health Scieneesis 
t-Chief of Envinvnmental H 


The National Institute 


a search forthe next Edit 
tives (EHP). EHP isa poer-reviewed monthly sc 
ing a wide range of topics related to the impact 
health snl disease. The journal has an impact facto 
first among 132 environmental science journals and am 


environmental, and occupational health 
tional in scope and i distributed in 190) 


untries. The Editorial Search 


Committee secks to identify an active sce 
environmental health sciences and with previous editorial experience 
y March 1, 2007, 


The objective is to identify the next Editor-in-Chie 


This individual will then begin working withthe Interim Editor and EHP 
staff to complete the & Jul 
LLettersofinterest and plans for EHP. along with curriculum vitae 


be submitted by February 1, 2007 either electronically or by mail t 
William J. Martin IL, M.D. 

of Environmental Health Sciences 
Mail Drop 82-07 

ysle Park, NC 27709 


National Insti 
PO Box 
Research 
E-mail 
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Equal Opportunity Emplover 


Call for applications to a UPMC international 
professorship at the Station Biologique de Roscoff. 


rie (UPMC), in collaboration with 
Scientifique (CNRS) is establish 


The Université Pierre et Mari 
he Centre National de la Reche 

international chair in marine genomics, at the Station Biologiq) 
de Rescoff (Britanny, France, laip:/‘wwwab-roscoff fe), This chair is 
created to develop anew research programme on the genomics of marine 
organisms and ceosystems 


The Station Biologique de Roscoff (SBR) isan advanced research and 
{raining center in marine biology and aceanography, jointly operated 
by CNRS and UPMC. SBR is promoting genomics approaches on marine 
models and ecosystems. It is the leader of the Network of Excellence 
Marine Genomics Europe” and had just become an EU Matie Curie 


Candidates should be high-level, confirmed researchers (35-45 yr 
pon-French citizens). The selected candidate will be employed by the 
UPMC as a Professor und 
The international chait willbe endowed with 60 m of lab 


2 four-year contract, with possible tenure 


with the possibility to hire one high-level technicianand one pre-doctoral 
fellow, both employed by the UPMC 


Applications are to be sent before March 3trst, 2007 to Bernard 
on Biologique de Roscoft 


18292305. They should include an expression 
scommendation and a short description of the 
amime to be developed (ca. 2 pages), Ce the application 


> maryse.lagreveia ups 


ScienceCareers.org 


CHAIR 
Molecular and Medical Genetics 
‘School of Medicine 
Oregon Health & Science University 


“The School of Medicine at Oregon Health & Science University invites applications and nominations 
for the postion of Professor and Chair, Department of Molecular and Medical Genetics. 

‘The Department has a long history of excellence in teaching, research and service. Currently there are 
29 primary faculty, 21 joint faculty and 6 adjunct faculty. The areas of research and teaching in the 
‘department include molecular genetics, molecular biology, somatic cell enctics, cytogenetics, molecular 
«eytogenetics, population genetics, biochemical genetics, and stem cell function. Examples of ongoing 
projects include genome stability incancer and inherited diseases, genetics of rare disorders, gene therapy, 
‘human genomics, and epigenetics in cancer. The Department has close clinical and research interactions 
with the Doembecher Children's Hospital, the Child Development and Rehabilitation Center, and with 
the Oregon Cancer Institute, The OHSU School of Medicine ranks in the top 30 ofall research-orientated 
‘medical schools with more than $300 million in extramural support, OHSU was funded in the frst round 
‘of the Clinical and Translational Science Awards; the department has a key ole in Universit translational 
nd interdsciplinary research efforts. In addition, there are numerous opportunities for interactions 
‘with the other schools and centers at OHSU, including the Oregon National Primate Research Center, 
‘the Vollum Institute for Advanced Biomedical Research, the Schools of Nursing and Dentistry and the 
‘Oregon Graduate Institute of Science and Engineering 


We seek candidates with an M.D. andor Ph.D. deyree that are internationally recognized for their esearch 
havea strong commitment toteaching and demonstrate the leadership skill needed to expand and enhance 
‘the departinent’s clinical and service activites. The successful applicant must be a skilled communicator 
witha clear vision for departmental growth and development. In addition toa generous start-up package 
forthe chairperson, there is also strong institutional support for hiring new faculty. Overall, this recrut- 
‘ment is part of a major investinent at OHSU to expand genetics and genomics research, 


OHSU places a high priority on cultural diversity; thus, we seek candidates with a demonstrated sen 
sitivity to and understanding of the diverse academic, socioeconomic, cultural, disabled and ethnic 
‘backgrounds of OSU's students and employees. Interested individuals should submit a Cusriculam 
Vitae and the names of three references o: Search Committee ~ Molecular and Medical Genetics, 
«c/o Nicole Lockart, Dean's Office ~School of Medicine, Oregon Health & Science University, 3181 
‘SW Sam Jackson Park Road, Portland, OR 97239-3098; oF e-mail: lockartava ohsu.cdu, Review of 
applications will commence immediately and continue until the position is filled 


OHSU is an Affirmative Action, Equal Opportunity Employer: Women, minori 
‘etnam era and disabled veterans are encuurasged to apply. OHSU 


abled persons, 
free workplace. 


Gy MAYO CLINIC 


Faculty Position 


Cancer Pharmacology 


The Division of Oncology Research and 
the Department of Molecular Pharmacol 
‘ogy and Experimental Therapeutics of the 
Mayo Clinic College of Medicine seck an 
‘outstanding research investigator in the 
area of cancer pharmacology, Rescarch 
within the Division is highlighted at http: 
Heancercenter.mayo.cdu/mayolreseareh/ 
‘developmental therapeutics” 


Applications fr either an Assistant Professor 
‘or more senior level appointment are wel- 
ccomed. Lnvestigators with expertise in the 
areas of prol call cycle 
‘checkpoints, DNA repair, cancer pharma- 
‘cogenomics and/or rational drug design are 
particularly encouraged wo apply. 


‘or to: 
‘Scott Kaufmann, M.D.. Ph.D. 
‘Search Committee Chair 
Guggenheim 1301 


Rochester, MN $5905 


James Graham Brown Cancer Center 
Tumor Immunology Faculty Position 


' rank of Assistant Professor has 

ollaborative research group focused on cellular and molecu 

munology. The successful candidate will be provided with 
‘generous startup funds, a competitive salary, a primary tenure-track 
academic appointment in the Department of Microbiology and Iman 
nology within the School of Medicine, and ample research laboratory 
‘space in proximity tothe extensive core facilities of the Brown Cancer towants 
Cones, Successful candidates will have, or be expected to establish, 
2 productive extramurally funded research program and will bring 
teaching and mentoring capability to the immunology Ph.D. gradi high inte 
ate program. Preference will be given to candidates with current NCL 7 

ing andor who are capable of establishing collaborative research, 

intrctons wit several of to casting member of te Tumor Ins 
nobiology Program. The rank of Associate Professor will be considered 
forindividuals who have an established research peogeam and significant 
‘extramural research funding, 


Additional information on the research programs may be found 


the under-grad 
expected to carry out outstanding research and teaching at a 
nal level. 


7 (earatitad 


PROFESSOR IN MEDICAL BIOCHEMISTRY 


Karolinska Institutet seeks applicants for a position as full 
professor in Medical Biochemistry. The position is profiled 
sarch in biochemistry and includes teaching at 


and post-gr 


¢ level. The holder is 


The research of the applicant should be based on expe 
approaches and can represent a variety of 
of biochemistry and molecular biology, preferentially with 
emphasis on medically important questions. The applicants 
should havea broad and well-documented experience in modem 
biochemistry. Further information concerning this position may 


s in the ficlds 


at_http://www.louisville.cdu/medschool/immunology an: be obtained from Professor Karl Tryggvason, Department of 


Horowacancercenterorg/bce2005/rescarchiprogram.aspx. Appl 


Medical Biochemistry and Biophysics, Karolinska Institutet, 


‘canis must have 2 or more years of postdoctoral research experience phone: +46 8-524 8770, fax: “46 


‘with clear evidence of productivity and fundabil 
remain open until the position i filled. Applicants must apply on li 


karl.trygevasoni@ ki.se 


at www.loulsville.edu/jobs and attach a €-. containing an abstract of 
research interest, Arrange for 4 letters of reference to be sent to: 
Robert D. Stout, Ph.D., Professor and Chairman 
Department of Microbiology and Immunology 
School of Medicine 
University of Louisville, Health Sciences Center 
Louisville. KY 40292 


University of Louisville is an Equal Opportunity Employer. 


Deadline for applications is Mareh 26, 2007. 


Letter of application, curriculum vita 
synopsis of future research, 10 scientific publications of your 
should be sent in 4 copies by March 26, 2007 to: 
Registrator, Karolinska Institutet, S-171 77 Stockholm, 
‘eden. For more detailed information, please look at http: 
info.ki.se for the entire advertisement and the Qualifications 


LEAWALG, cer enema 
i taleron ic tesltpeas teetimn, UsesCuee at teow Geet 
rmudel edu 


Phytoplankton Oceanographer 
Assistant Professor 

College of Marine and Earth Studies invites applications for a 
‘month tenure-track postion in Biological Oceanography. The postion is 
available after September 2007 and is located at the Lewes campus, which 
has modem laboratory facili 
Responsibilities will include development of a vigorous research program. 
teaching, and advisement of graduate students. We are looking for candidates 
with expertise in phytoplankton ecology who will e 
and 


attractive startup package, For more information on the College, please visit 
‘our website at www.oceanudeLedu. 


a leter of interest (hard copy and email as a single 
pa docun research and teaching iterests, curriculum vitae 
and the names and contact information of three references wo David L 
Kirchman (phytoscarchdtems.udel.edu), College of Marine and Earth 
Studies, University of Delaware, Lewes, DE 19938. Review of applications 
\will begin on March $, 2007 and will contioue until the position is Gilled 


Curriculum vitae and all application materias will be shared with 
‘departmental faculty 


‘The UNIVERSITY OF DELAWARE isan Equal Opportunity Employer which 
“encourages applicuions rom Minorty Group Members and Women, 


MASSACHUSETTS GENERAL HOSPITAL 
HARVARD STEM CELL INSTITUTE 


The Center for Regenerative Medicine (CRM) at Massachw: 
invites applications for a tenure-track 
assistant professor position. Outstanding scientists in the field of 
stem cell biology who have the demonstrated ability to develop 
‘a strong independent research program will be considered. Sue 
cessful candidate(s) will be members of the Harvard Stem 
Cell Institute and faculty of Harvard University, Candidates 
must hold a PhD and/or MD and have a history of innovative 
arch. Women and minority candidates are unged 


interactive res 
to apply 


Applicants should send an electronic copy of (1) letter oF interest 
(2) research plan and (3) current curriculum vitae to Dr. David 


Attenti 

Massachusetts Gene 

185 Cambridge St. 
CPZN 4265 

Boston, MA 02114 


MGI is an Equal Opportunity/Affirmative Action Employer 


NC STATE UNIVERSITY 
—— 


SSOCIATE DEAN FOR RESEARCH 
AND GRADUATE PROGRAMS 


The College of Veterinary Medicine (CVM) st Nom Carolina State 
University chttpe/iwwwcevmanesudu/) invites applications. for 
Associate Dean for Research 
seeks exceptional candidates. who will capi 
ths of the CVM and the U 
will play a pivotal role in the future development of one of the 
nation’s premicr veterinary schools in the areas of research and 
graduate education 
The College exces in basic, translational and clinical research, the 
training of veterinary and graduate students, and the provision of 
‘outstanding paticnt care, In 2005, the CVM faculty suecessfully 
‘competed for $9.9 million in extramural research fund 
among the top five US. vete 
is located near the Research Triangle Park of North Carol 
lose prosimity to other highly distinguished universities and 
industrial partners, incloding the biotschnalogy and agribusiness 
sectors. IUis expected that the incumbent of this position will take 
‘of opportunities for developing effective collaborations 
With these local resources, The Associate Dean should be an 
effective communicator who will serve as a catalyst in support of 
new and innovative research prog he areas of 
genomics and 
thology. name zy. a5 well as allergic 
The Associate Dean will facilitate 
opment of programs that are underway, ine 
med Center for Comparative Medicine and Translational 
Research (http:/www.evm.nesu-edwresearch/ccmte/) andthe 
mer for Chemical Toxicology Rescarch and Pharmacol 
cetrpncsiedu/), The College seeks an Associate Dean 
moving the 


forthe taining of cli will also help 
the College promote the concept of “One Medicine” forthe benefit 


of biomedical disciplines Tea 
ind DVM-PRD. degrees. The Associate Dean will provide 
ieadership to direct and expand these taining programs as well as 
a vision for the future that facilitates and encourages 
imerdisciplinary collaborations within the University and with 
academic and non-academic partners, The successful candidate will 


Jing laboratory animal resources 
(Candidates mast hold a PI.D., MD and/or DVM degree and have 
demonstrated excellence in research as judged by their publication 
amural funding record, with experience and 
alent to those required forthe rank of Full 
‘an expectation that the Associate Dean will 

maintain an active research program, 


Applications must be submited anne and should include a current 
‘Curriculum Vitae and the names and addresses of three references 


‘additional information pply online, please yisit 

x/ijobsncsuedu and reference position #B-640701, The 

ng applications on March 15, 

2007 and the sea “ until a suitable candidate i 
Tours. Foe further information please contact 


Dr. Chris MeGahan, Chair 
‘Search Committee for the 
Associate Dean for Research and Graduat 
Department Head 
Molecular Biomedical 
College of Veterinary Medi 
North Carolina State University 
4700 Hillsborough St. 
Raleigh, NC 27606 
North Carolin State University is an equal opportunity and 
‘affirmative action emplover. In addition, North Carolina State 
University welcomes all persons without regard to sexual orientation. 
For ADA accommodations please contact (919) $13-3148 
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2 Great Career Events 


Science/UCSF 
Biotech Industry 
Career Fair 


(in partnership with AAAS Annual Meeting) 
Make your next career move easier. Science Careers and UCSF 
are co-hosting a career fair in conjunction with the upcoming 
‘AAAS Annual Meeting. Come meet recruiters face to face and 
explore career opportunities for all levels of scientists. 


Thursday, 15 February 2007 
1:00 pm—4:30 pm 

UCSF Mission Bay Campus. 
Robertson Auditorium 

San Francisco, CA 


we 


For information on exhibiting, contact 
Darrell Bryant at (202) 326-6533. 
Exhibitors receive free access to Science's 
Resume/CV Database for 3 months. 


ra oe 
f 


Making the Most 
of Your Career Fair 


If you'llbe attending the career fair, maximize your 
experience by first attending our free seminar, Making 
the Most of Your Career Fair. Learn how to promote 
yourself quickly and professionally. 


Tuesday, 13 February 2007 

6:00 pm — reception to follow 

UCSF Mission Bay Campus. 

Genentech Auditorium 

San Francisco, CA For more information on these events, visit 
www.sciencecareers.org/ucsf 


Making the Most of Your Career 
Fairis sponsored by Genentech 


Genentech 


IM BUSINESS FoR LIFE 


ScienceCareers.org, 


We know science BYAAAS 


PIONEER. 


ADUPONT Company 
Research Scientist ~ Bioinformatics 


Pioncer Hi-Bred International, Inc, a DuPoot 
‘company, is the woeld leader in the discov e 
development and delivery of elite crop genet 
ies. We are looking for a Research Scientist 
at our Johnston, Lowa location, This i 
vidual will apply leading computational and 
bioinformatics skills to an interdiseiplinary 
team focused on soybean crop improvement 
Responsibilities wil include manag 

lyzing and curating soybean genomic data, 
gene expression and functional annotations, 
genetic and physical maps, and comparative 
genomics, We are also secking 

vated researcher who can help id 

develop novel transgenic and mol 
breeding solutions for erop improvemen 
APhD. ingeneties, biochemistry, molecular 
biology, bioinformatics or related field, and a 
strong background in plant biology required. 
Experience in computer science and know!- 
edge of Unix-based computer operating 
systems, Perl script and other programming, 
web-based interface reporting. database 
design, data-mvining tools are required. 


‘Reg ID for this position is 4S60BR. To view 
‘complete job description and to apply, go 10 
wwnpioneer.com/employ ment 


DE 


DIRECTOR 
CENTER FOR URBAN ENVIRONMENTAL RESEARCH AND POLICY 
LOYOLA UNIVERSITY CHICAGO 

Loyola University Chicago (LUC) invites applications forthe postion of Director ofthe Center for Urban 
Environmental Research and Policy (CUERP) (http://wwvelue.edu/cuerp). LUC isone ofthe largest Jesuit 
universities in the United States, with three campuses inthe Chicago metropolitan area and a Rome Center 
in aly (hntp:/www.tucaedu). Launched in September 2005 as one of LUC’s Centers of Excellence, CUERP. 
is an interdiseiphnary center dedicatal to rescarch, teaching, taining, and outreach activities that focus 
‘on the urban landscape as an ecosystem. CUERP's mission i to advance understanding of the complex 
inlerdependcncy between humans and environmental systems and facilitate collaboration among scholars 
‘who ae interesed in making a significant contribution to environmental rescarch an policy. CUERP houses 
the Environmental Science Studies Program, which offers an undergraduate majr. 

The director will play a vital role in building and preserving the Center's interdisciplinary identity and will 
‘be involved in all aspects of initiating and orchestrating the activities necessary W achieve the Center's 
‘mission and goals. Responsibilities of the Director will include 


+ networking with re nt i experts to establish impor 

partnerships, share information, and expand research and outreach endeavors: 

striving to create, with ts community partners, sustainable environment in the Chicago metropol 

region: 

‘working with CUERP"s Goographic Information Systems (GS) Specialist to assist in the promotion 

‘of GIS throughout LUC and the larger community 

‘oversceing the Center's faculty and student fellowship programs. 
The director will hold a joint appexntment in CUERP and an academic department appropriate for that 
person's disciplinary expertise 
The successful candidate will have a doctorate in the Natural Sciences or Social Si 
‘environmental isuex: an ative rescarch program: a demonstrated record of obtaining extan 
land successfully adminotrating texcarch project; experience in foslering partnerships with community 
‘organizations; and excellent interpersonal and communication skills. To ensure full consideration, appli- 
‘ations should be received by March 1, 2007. The position will remain open until filled. The anticipated 
‘start date is August 16, 2007. Applicants should submit their curriculum vita (CV), letter of interest and 
‘contact information for three references to: Dr. Martin Berg, Chairperson CUERP Search Committee, 
Department of Biology, Loyola University Chicago, Room 317, Quinlan Life Sciences Center, 6525 
North Sheridan Road, Chicago, IL 60626. Candidates also mus register their application and submit an 
electronic CV and cover letler at wwweareers.Juccedu, 

Layola University Chicago ix an Equal Opportunity, Affirmative Aetion Employer 
with astro commitment ta the diversification ofits facut 


FACULTY POSITIONS 
IN CANCER RESEARCH 
Kimmel Cancer Center 


Jefferson Medical College 
‘Thomas Jefferson University 


Kine! Canes Centar (KC) ot eonan Main! Cae, 


ltd cance sure cana! genes, whet 
Cuan sang tomer monundlgy tod weg wens 
tnd angonenss, te aqued 


Succes pcan wilbe provied wih ahghiy compte 
pactageof laboratory space, startup ang, sn ary. KCC 
brovdeswtrave serch sper tgh mug share | 
resuces wih acento hele euerentandtchologes 
Apia shod sub tr of ppienon, ewe 
‘urant and past funding. a statement of 
1h weconplahinets ad Wire eens, wn te 
faraees eadg Der mating and ena 

‘areses and phone nobers 
Applcatos wa be acco itl the poutons ae ted at 

‘bras ts leant Davina mad 


‘AtematveActe/Egun OpporuntyEnpoyr 


Applications and nominations are invited for the position of 
Vice President for Research (VPR) 


Marshall University is public, non-profit, academic institution offering degrees in 95 academic ficlds 
1 over 14,000 undergraduate sed graduate students (http://w w.mnarshalledw) ts main campus is 
Jocated in Huntington, West Vinginia, 


Marshall is building its research capacity with emphasis on capitalizing on the capabilites of recent 
facility investments and acquiring additional infrastructure and personne to (1) enhance undergraduate 
and graduate research, (2) create nationally competitive interdisciplinary rescarch programs/centers, 
and (3) accelerate regional technology-based economic development. The initial phase ofthis process 
has been major infrastructure development. The university has invested ever $1I0M of federal, state 
and private funds to construct an amazing array of state-of-the-art facilitis - the Rabert C, Byrd Bio 
technology Science Center, the Edwards Cancer Center, the Clinical Education and Outreach C 

‘and the Forensic Science Center Annex. New hires in the Schoo! of Medicine, College of Science and 
the expanding College of Information Technology and Engineering are bringing increased grant acti 
ty. This year, non-construction research grants and contracts exceeded S42M (twice that received in 
2000-01) with over 75% coming from federal sources. Principal esearch theusts involve medical and. 
basic life sciences, forensics, environmental and transportation, The next phase of the university's 
strategic vision for research is the expansion of STEM (Science, Technology, Engineering, Math) 
faculties and research. A major part ofthis expansion is the development of the Marshall Institute for 
Interdisciplinary Research (MIR) featuring a number of endowed positions for nationally competitive 
investigators. The initial focus of MIR will be the complex interactions between environmental and 
_gcnctic Factors contnbuting o chronic discases of Appalachia 


The primary role of the VPR is to guide the development of Marshall's research endeavors in ways 
that anticipate and address global competitiveness and state needs. As Marshall's primary research 
administrator, the VPR serves asthe Director of Marshall University Technology Transfer Office and the 
Office of Research Integrity. and also represents the University on several state research and economic 
development committees. The VPR reports to the Provost and Sr. VP far Academic ATs. 

Priority willbe givento candidates possessing a Ph.D, degree ina basic o life science or an engineering 
field significant research and administrative experience in higher education, industry or government 
Inboratories: and demonstrated leadership skills in research development atthe university, state, and/or 
‘ational level. Salary will be competitive and commensurate with experience. 

‘Send a leter of interest and curriculum vitae and the names of three references or nomination to: Dr: 
‘Sarah N. Denman, Provost and Senior Vice President for Academic Affairs, Marshall University, 
‘One John Marshall Drive, Huntington, WV 2575S or cml: academic-alfairsia marshalledu. 
Review of applications will beyin immediately and continue until 


ScienceCareers.org 


Improvements 


to Science Technology and 
Science Careers Features 


‘arch 


Featured Employers 


Search ScienceCareers.org for job postings 


from these employers. Listings updated 


three times a week. 


Abbott Laboratories www.abbott.com 
Elan Pharmaceuticals www.elan.com/careers 


Genentech www.gene.com 
Kelly Scientific Resources 


www.kellyscientific.com 


Novartis Institutes for BioMedical Research 


www.nibr.novartis.com 


Pfizer inc. 
www.pfizer.com 


Philip Morris 


www.cantbeattheexperience.com 


Pioneer Hi-Bred 
www.pioneer.com 


you woul ke to bea featured 
employer, cal 202:326-6563. 


Whether recruiting 
creating awarenes: 
or branding your 
organisation, don't 
miss the opportunity 
to be seen in this 
issue. 


Issue Date: 
2 March 2007 


Booking Deadline: 
13 February 2007 


Contacts: 
Tracy Holmes, Christina 
Harrison, or Svitlana Bames 
ads@science-int.co.uk 

+4 (0) 1223 326500 


Europe's Brain Gain 


‘THESTATE UNIVERSITY OF NEW JERSEY 


RUTGERS 


Dean 
Ernest Mario School of Pharmacy 


Rutgers, The State University of New Jersey, seeks: nding 
leader and eminent scholar for the position of Dean of the Ernest 
Mario School of Pharmacy. Scientists withan exceptional record of 
scholarly accomplishment and a passionate commitment to excel- 
lence in pharmaceutical education both in academe and in clinical 
practice are encouraged to apply. The Dean is the chief academic 
and administrative officer of the School and reports directly to the 
Rutgers Executive Vice President for Academic Affairs, 


Rutgers is one of the nation’s oldest and largest institutions of 
higher education, and is a member of the prestigious Association 
of American Universities. The Emest Mario School of Pharmacy 
(EMSP) has. strong academic reputation as one of the top-ranked 
schools of pharmacy in the country. It is the anly school of phar- 
cy in New Jersey, ¢ pharmaceutical and 
‘medical technology industry. EMSP is part of a vibrant biomedical 
and hi hing community at Rutgers 
University, including major academic programs in the life sciences, 
biotechnology, neuroscience, and bio-engineering, and collabora 
onships with the Center for Advanced Biotechnology and 
The Environmental and Occupational Health Sciences 
Cancer Institute of New Jersey, The School of Public 
h, The Robert Wood Johnson Medical School, the New Jersey 
Center for Biomaterials, the Stem Cell Institute of New Jersey, the 
Human Genetics Institute, and other related centers 
the EMSPis highly selective, 
me students. With seven! 
esenting strength in both the basic sc! 
practice, the EMSP offers a fully accredited six-year professional 
rogram leading to the Doctor of Pharmacy. EMSP faculty 
are also deeply involved in M.S. and Ph.D. programs in 
Chemistry, Toxicology and related 4 
d in central New Jersey, close to New York 
City, Philadelphia, beaches and countryside. 


maceutics, Medicin: 


The Dean will provide the vision and energy to continue the 
ofthe EMSPby assuring that the schoo! is at the fore 
‘practice and pharmaceutical 

nother 


advance 
front of pharmacy education, clinic 
research, The Dean will foster collabo 
Rutgers units, and play a lead role in strengthening the University’s 
With the state's extensive pharmaceutical industry and 
medical university. The Dean is responsible for both the School's 
academic strategy and its fisea ement. Additionally, the Dean 
serves as a sirong advocate for the School in communicating its 
al and external constitu and in 
fees. Candidates for the position 
nan appropriate field, a minimum 
and a significant record 
7 


mission and goals to in 
raising funds foom ¢ 
should havean earned doctorat 
of five years of administrative experi 
oft 


al $0 


ing and scholarly or professional achie 


The salary range is competitive, commensurate with experience and 
qualifications. The appointment start date is July 1, 2007. Review 
and applications has begun and will continue until 
the position is filled. Applicants should submit a letier of interest, 
a current vitae, and the names and contact information for at least 
three references who will be contacted only with the explicit permis- 
sion of the candidate. All correspondence will be held in confidence 
and should be mailed or emailed to: 
Professor Kathryn Uhrich, Chair, 
EMSP Dean Search Committee 
Office of the Executive Viee President for Academ 
Rutgers, The State University of New Jerse 
eet Root 302 


i: emspdsa rci.rutgers.cdu; phone: “152) 952-4792 


An Affirmative Action/Equal Opportunity Employer: 


‘hitpi/pharmacy.cutgcrs.cdu/ 
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Does your next career step 
need direction? 


j | got the offeri've been 
dreaming of. 
With thousands of job postings, a a 
it'sa lot easierto track down a / 
career that suits me 


Iwanta career, 
not just ajob 


S 


There’s only one place to go for career advice if you value the 
expertise of Science and the long experience of AAAS in supporting 
career advancement - ScienceCareers.org. The pages of Science 


and our website ScienceCareers.org offer: 


* Thousands of job postings ‘© Funding information 


* Career advice articles and tools _* Networking opportunities 


www.sciencecareers.org 


POSITIONS OPEN 
BIOLOGY EDUCATOR, 
ASSISTANT PROFESSOR 
The Biological Scienass Department at California 
te Polytechnic University, Pomona, invites appl 
jons for a tenure-track position in. biological 


teducation atthe rank of Asstant Professor to begin 
September 2007. The new faculty member will each 
classes in science /content methods leading to the 


teaching credental, develop specialty courses. and 
workshops for sacnce teachers, and will be expected 
to establish and maineain an externally funded re 
scarch program in science education invohing un 
dergraduate and Master's level students. The 
‘successfil candidate will also be expected to assist 
in curriculum devclopmcnt, advise students, serve on 
Department, College, and University committees, 
and engage in professional activites. Ph.D, required 
from an accredited institution in biology by August 
2007, a combination of graduate degree and/o 
work experience in both biology and science eds 
sation, and possess or be qualified to obtain a 
California teaching, credential ina single subject 
area, Application review will begin March 1, 2007, 
and will continue unt position is filed 
Address all nominat 
Dr. Gil Brum and Tina Hartney 
Co-Chairs, Biology Educator Search Committee 
logical Sciences Department 
tate Polytechnic University, Pomona 
3801 West Temple Avenue 
omona, CA 91768 
Telephone: 909-869-4036, fx: 909-869-4078 
nail: gdbrum@csupomona.cdu 


ms, inquiries, and requests to 


California 


FACULTY POSITION IN 
E NOBIOLOGY OR 
T-PARASITE/SYMBIONT INTERACTIONS, 
University of Louisiana at Lafayette 
The Department of Biology at the University of 
ana at Lafiyette invites applications for a 
track position at the ASSISTANT PRO; 
ESSOR level in comparative immunobiology oF 
the biology of host-parasite oF host-syimbiont in 
teractions. We seck @ promising. scientist using an 
‘esperimental approach to investigate the cellular 
tmolecular basi of pathogenic, parasitic, or symbiotic 
inwcractions. Applicants. must have a Ph.D. ina 
‘biological science, with postdoctoral experience 
preferred, ‘This individual ‘will be expectedt to es 
tablish a vigorous, externally funded research peo 
gram involving graduate students to. complement 
‘our doctoral program in environmental and evel 
tionary biology, and teach coures in immunobiology 
and other areas of specialty. Information about the 
Departments available at website: http://biology 
louisiana.edu/. Applicants shoud send ‘their cur 
riculum vitae and. statements of research and 
teaching, and have ehrce letters of recommendation 
sent to” Immunobiology Search Committee, 
Department of Biology, University of Louisiana 
at Lafayette, P.O, Box 42451, Lafayette, LA 
70804. Review of applications will bein on Feb 
2007. Inquiries may be addressed to: Joe 
r, Immunobiology Search Commit: 
immunosearch@louisiana.cdu. 
Chiventy of Laisians Layee te a 
Oppeetnry 4 


geal Employ 
Afirmatve Action Eph 


The Department of Animal Sciences, Purdue Uni 
versity, West Lafayette, Indiana, invites applications 
fora TENURE-TRACK FACULTY postion. The 
succesful candidate will be espested to develop a te 
scarch program on aspects of adipose biology and/or 
lipid metabolism that are relevant to growth, obssty 
‘oF the metabolic syndrome. Candidate will partic 
pute in teaching and advising of both undergraduate 
find graduate students, Suitable candidate must pos 
css 4 Ph.D. in life sciences o a related area: post: 
doctoral experience is preferred. Detailed postion 
announcement and application details can be four 
website: htt 
ic 


sew of appl 
and continue 


tuntil the postion is filled. Par 
Opportinity gua Access! Aim 
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PAR CELL HALL ROTSTEMSTEE 
ee 
Applicants should have a PhD. a relevant ficdd, 
Rese Meet ate Reece aes 


St tam Esa Oppoity/ AB Aton Eine 


DIRECTOR, NEW YORK SEA GRANT 
Stony look University (SUNY) and Comell Uni 
verity insite nominations and applications for Di 
tector ofthe New Vork Sea Grant Institute | NYSGI 
The Director wil hbase at Stony Brook University 
where she/he will also hold an adjunct faculty 
Fostion, NYSGI's mision & to devclop and deliver 
SSience that addresses saves of New York's manne 
Sd Great Lakes coasts, The Director provides lead 
‘rip to ensure that the research, education, and 
ntinac to be among 
the nation’s best. Candidates shoul scnd a keter of 
mation for at lent five references to: Dean David 
Conover, Search Committee Chair, 121 Discov 
ey Hall, Stony Brook University, Stony Brook, 
NY 11794-5001. List of qualifications and fl jo 
scription are availa at website: http://www. 
scagrant sunsb.cdu/aysgdirector. To. apply on 
line (strongly preferred) visit website: hutp:// 
worw.stonybrook.edu/cjo. Revicw of applications 
Wrl begin on February 19, 2007. The search will 
remain open until sitabic candidate is sclected 
{Spal Opprtinty/Afimatine Aton Employer 


ASSISTANT/ASSOCIATE PROFESSOR 
Medical Genetics 
Mercer University School of Medicine 
‘Macon, Georgia 
Mercer University Schoo! of Medicine invites ap 
plications for a L2-month salaried, tenure-track po 
Sion in genctics at the rank of ASSISTANT or 
ASSOCIATE PROFESSOR. The succes can 
‘slucation excellence in a. muliincplinary, cas 
bused curriculum and wil he expected to denclop an 
unepenent, externally Rind! research program 
Applicants shout have a doctoral degree wih an cx 
fertnc in human genetics and thrce year of ponte 
orl taining. Revi of applications will ontinue 
tin the position i filed. For oaline submision of 
spplcations, vat webnite: http://www mercerjobs. 
Dim. Afimatce Acton Tul Oppo 


The University of Manitoba (Winnipeg, Canada 
invites applications for HEAD of the DEPART. 
MENT OF BIOLOGICAL SCIENCES. The 
succesful candidate will lead the development of 3 
newly formed Department comprised of 34 full-time 
aeademic members with diverse research interests 
in plant and animal biology. Complete job descrip 
tion and application inseructions can be found t 
website: http: //umanitoba.ca/faculties/science. 


wg Agricultural University (HAU). 
national key university founded in 1898, as 
a university of the 211 Project, is under the 
administration of Ministry of Education of 
China, The beautiful campus, located at Lion 
Hill by South Lake in the city of Wuha 


covers an area of about 5 square kilometers. 


AU comprises 13 colleges and 2 independent 
departments, with over 2100 faculty members, 
HAU offers with 48 undergraduate specialties, 
87 master specialties, $4 PAD specialties, 10, 
PAD disciplines, 7 post-doctoral research 
centers, 6 national key disciplines, In the 
new ceatury, HAU will further speed up its 
progress and strive to become a distinctive 
research university 

Now we are inviting applications for 
FACULTY POSITIONS of the Cheung Kong, 
Scholars Distinguished Professor Programme 
in the following seven research fields: crop, 

breeding 

pomology, biochemistry and molecular 
biology, aquiculture, animal genetics breeding, 
and reproduction, agricultural and forestry 
economics and management; we 


inviting applications for excellent researchers 
with doctor's degree 


Details are available at http: 


/Iwwwahzau.edu.en, or direct inguities 10 
Department of Personnel of the university 
rejlzxia mail Avau.cdu.en (e-mail) or 186-27- 
87280987 or +N6-27-N7281833(telephone) 
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Dave Jensen 
Industry 
Recruiter 


Bring your career 
concerns to the table. Dialogue 


Science 
Careers Forum 


* How can you write a resume that stands out ina crowd? 
* What do you need to transition from academia to industry? 
+ Should you do a postdoc in academia or in industry? 


Leta trusted resource like ScienceCareers.org help you 
answer these questions. ScienceCareers.org has partnered 

with moderator Dave Jensen and four well-respected advisers 
who, along with your peers, will field career related questions, 


Visit ScienceCareers.org and start an online dialogue. 


ScienceCareers.org, 


online with professional career 


counselors and your peers. 


MEETINGS 


* Search Jobs 


* Next Wave now 
att of ScienceCareers. org 


* Job Alerts 


* Resume/CV 


Database 


* Career Forum 
* Career Advice 
* Meetings and 


ORGANING CMTE Enore crune 
Announcements eOuies ‘Via Dit (Genentech USA) 
* Graduate Programs ia : 3) een tere 
gi ‘se owning (oer t) Jonathan Abel USA) 
Zh res ore Soe OnGANTING COMMITEE al shop net tina USA 
FREE ooo secters, poe Mloatetinase ta 
eer Nidal arin (1S ie. USA) ‘Mie rot (aaa estate. 


fm siesce and clinical research 


of THE superfamily ligands and receptors. 


Please join us for what promises to bean exciting meeting and a 
magnificent setting a the beautiful historic site ofthe Asilomar 


(approximately 2 hour drive south of San Francisco). 


‘George las Bonet Seen Reseach 
(ete Gree) 

Fablenne May (ar estate, Aas) 
‘arg Tuchopp (vesiy Laan 
Stein ‘Sha (open de USA) 


11" International TNF Conference 


Get the experts behind you. an 


www.ScienceCareers.org The 11th Intemational TNF Conference program 


will cover new discoveries and advances in basic 


The scientific program wil cover topics ranging from basic science to 
translational research. Invited speakers, authors of selected abstracts, and 
poster presenters wil report on new developments in our understanding 
ofthe structure, signaling mechanisms, and rolesin biology and disease 


Conference Grounds on the Pacific Ocean coast near Monterey, California 


‘FORMORElMFORMATIONAND TO REGISTER, PLEASE GOTO: wwe: THF2007. org 


David Wallach (Weomann nate sae) Jang Tchapp (Unive of Lassa Swizetand) 
(Gad Ware (aoe USA) David Wafac (Wezmann tute, 2) 
Mita Werner Races Univesty USA) 
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POSITIONS OPEN 


ASSISTANT PROFESSOR 
Ponce School of Medicine 

The Department of Physiology and Pharmacology 
at the Ponce School of Medicine invites applications 
fie a faltime ficulty postion at the evel of AS- 
SISTANT PROFESSOR. We are sccking individuals 
with a Ph.D., MLD., oF equivalent, and postdoctoral 
experience. Fluency’ in spoken and written Spanish 
and English is preferred, The successful candidate 
will be expected to participate in the medical and 
swaduate student programs inthe physiology and/or 
Pharmacology course(s) and to develop an indepen 
ent research program. Review of candidates. will 


begin immediately and will continue until position 
isle, Send curriculum vita, a statement Of goals, 
and names and addresses of three references to: 
Dr. Leén Ferder 
Chairman, Physiology and Pharmacology 
Department 
Ponce School of Medicine 
P.O, Box 7004 


Ponce, Puerto Rico 00732 
E-mail: leferder@psm.cdu 
The Powe School of Meine iso Eval Opp 
Afnmatve Acton Employer WV inert ee 
ged to apply 


WATERSHED HYDROLOGIST 
‘The Tropical Agriculture Program of the Earth 
Institute at Columbia University, New York, secks 
applications for a Watershed Hydrologist tthe 
RESEARCH SCIENTIST or ASSOCIATE RE 


lnvolves basic and applied research, The Watershed 
Hydrologist will develop. scientific framework, 
models, and applications of sustainable small-scale 
water capture and-management by url African 
communities agriculture, and 
ecosystem services. A Ph.D. in hydrology or related 
sciences fs preferred. The position reqiites rescarch 
tapericnce in rural Africa and ability to perform in a 

and multicultural environmen 


re encouraged to apply. Send letter of application 


‘with curriul at names of three reerences 
{o: Dr, Carlos Perez, Associate Director, Tropical 
Agriculture, Columbia University, Lamont Hall, 
P.O. Box 1000, Palisades, NY 10964; e-mail? 
speree@ei.columbia.eda. 

Columbia Unvemty ts 
Oppertinity Employer. 


Affomataive Act 


igual 


CHAIR, DEPARTMENT OF PHARMA- 
CEUTICAL SCIENCES. Applications are invited 
at the ASSOCIATE PROFESSOR or PROFES- 
SOR level with teaching, rescatch, and service 
responsibilities, Successful applicants must possess a 
Ph.D. in medicinal chemistry, pharmaceutics, phar 
micology, or a closely related biomedical science 
Postdoctoral esearch experience with a minimum of 

cn years of academic experience is requir 
A recon! of continued acatemic and professional 
‘accomplishments in research, teaching, and service 
must be demonstrated. The Chair is expected 0 
provide leadership and vision in building the 
Department's research activites and funding to 3 
nationally recognized level, while fulfing, depart 
‘mental responsibilities within the School of Pharm 
«y, E-mail a letter of interest and curriculum vitac 
the: Committee Chair, John Krstenansky, e-mail 
ikrstenansky @llu.cd 


POSTDOCTORAL ASSOCIATE position 
available to study the role of extracellube peotcins 
in pathogenesis of heart failure, The work will focus 
fon esteopontin and integrin signaling. Highly mo- 
tivated individuals (M-D. and/or Ph.D.) with 
experience in-mokeular signaling, cardiac physi 
‘ology, oF cell biology will be preferred, Send earricu 
Jum vitae to: Dr. Krishna Singh, Department of 
Physiology, East Tennessee State University, 
P.O. Box 70576, Johnson City, TN 37614 
1708; e-mail: singhm@etsu.edu. “inane -k 
Ejual Opportuniy Employer 
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OSITIONS OPEN 


NIH POSTDOCTORAL TRAINING 
in Molecular Thera 

‘The Children’s Hospital of Philadelphia/ 
University of Pennsylvania, 

National Heart Lung and Blood Institute Train 
ing Grant, Training in Molecular Therapeutics for 
Pediatric Cantiology, supporting studics of cardio- 
vascular disease mechannims and molecular thera 
pies. Progect ficlds inchide: cardiac and pulmonary 
development, heart valve disease, regenerative med 
icine, stem call biology, and pharmacology. Com 
petitive slary and full bonctite- Only applicants with 
Ph.D. and/or M.D. (whe mast be a reudentalicn or 
US. aitizen status) should send their curricul 
vitae and the namics of three references to: 

Robert J. Levy, M.D. 
William J. Rashkind Endowed Chair 
University of Pennsylvania School of Medicine 


3615 
Philadelphia, PA 19108 
Fax: 215-590-5454 
E-mail: levyr@email.chop.cdu 
gual Opportanity 
wth Disaties eters 


doyr. Miners Females Poems 


POSTDOCTORAL POSITION 
Now Mexico Highbods University & accepting 
applications for Ttdoxteral Post that aval 
able as part of a multiyear NIH program carrying out 
the synthesis, spectroscopy, and bio-testing of com 
‘pounds for photodynamic therapy. Si 
ates are likely to have experience 
‘simulations or modeling. Applicants shoul have a 
Ph.D. in chemistry, biochemistry, oF related fick 
Starting date is February 1, 2007. Interested ap- 
pilicants should submit curriculum itse, a list of 
Sours taken a Ketter of interest and three ketters of 
reference to: New Mexico Highlands University, 
Postdoctoral Fellows Search, Academic Affairs, 
P.O. Box 9000, Las Vegas, NM 87701. For dshl 
‘al telephone: 505-456-3911 o» TDD 
308-454-3003. Equi! Opportanaty Employer 


‘TENURE-TRACK FACULTY POSITION FOR 
ANESTABLISHED T CELL IMMUNOLOGIST 
Loyola University Chicago 


Department of Microbiology and Immunology 
Suceesful applicant will have an active externally 
funded rescarch program, and will develop syncrgstic 
nmuinologists in 


research relationships with existing: 
the Departmerit as well as with i 
Oncology Institute 

and/or the newly d 
Diseases and Immunology 


Submit letters of application, curriculum vitae, 
research interests, and names and addresses of three 
references to: Katherine L. Knight, Ph.D., Search 


‘Committee Chair, Department of Microbiology 
and Immunology; Loyola University Medical Cen 
ter, 2160 8. Fiest Avenue, Maywood, IL 60153. 


POSTDOCTORAL POSITIONS are available 
at the University of Washingron in Seattle to charac 
sand genes involved in choles 
terol transport. Experience im molecubr and cellular 
biology is required, Send curriculum vitae and let 
ters of commendation to. De. Joba F. Oram, De- 
partment of Medicine, Box 356426, University 
‘of Washington, Seattle, WA 98115-6426. E-mail: 
joram@u.washington.cdu. 


POSTDOCTORAL POSITION to study: vas 
cular routes to the cartilaginous growth plate during 
postnatal bone development, using multiphoton 
‘microscopy. Priot background in live animal imaging 
and cll biology helpfal but not essential. Send 
‘curricuhum vitae and names of three references to: 
Dr. Comelia Farnum, Department of Biomedical 
‘Sciences, Cornell University, Ithaca, NY 14853. 
E-mail: ccf2@cornell.cdu. 


BIOMEDICAL ENGINEERING FACULTY 
POSITION 

Stony Brook Universiy’s Deparment f Biomed 
ial Exgnecrng ints apiiatons rg TENURE” 
"TRACKASSISTANT or TENURED ASSOCIATE 
Ge FULL PROFESSOR postion to top the fl 

2007. Recrkment wil be within the broad are 

pmdical engineering, with parclar empha 
cn the quantitate imaging at the molecular and 
clo ves The sce candare exposed 
fo caabich and matmain a competive, Bucraly 
fended, tnentcplnary search program i 
imapig, and ro cho seaching mc beah the gro 
tact aed cndcrafuan: evel Golsborsbon wih 
Brookharen Natoma Laboraon's Medial Depart 
tment, Center for Functional Nanomaterials, and/or 
the Navonal SmchroronLighe Source cot 
deed For farther nfrmaion vt webs: 
ww bene 


curriculum vitae, statement of rescanch and 
interests, and the names of four references to: Ki 
Chon, Ph.D, Bioimaging Search Committee, 
Department of Biom ring, Health 
‘Science Center L18, RO3O, Stony Brook Univer 

yy Stony Brook, NY 11794-8181, Lijuil Oppo 


ASSISTANT PROFESSOR, BIOLOGICAL, 
‘OCEANOGRAPHER 
‘The Florida State University 

The Department of Oceanography is seeking. 

piations for a Ph.D-level Biological Ocea 
her for a nine-month, tenure-earning appo 
at the Assistant Professor level to begin a8 soon as 
‘August 2007. We are particularly anterested in 
person who studies the rok of zooplankton in 
cological processes. The postion involves research, 
teaching. (primarily at a 


for’ three refers 
ocean fsu.edu. 

Starting silagy is negotiable, dependant upon 
‘qualifications, with a minimum salary’ of $59,000. 

Closing date is 1 May 2007. Application’ review 
will bein on 1 June 2007; however, the advertising, 
and search process will iwmain active until the 
pesition i Billed 

‘The Hovde State University mbar 
aud complies with the Amer Aa, Al 
‘he candidates ane ied prin vance 
‘pyepriate The Plovda She Uhdvewity ep 
‘Sony pursuant to Chapter 119, Floida States. An Egual 
Opportininy/Acsss/Afimative Aston Linploye 


A POSTDOCTORAL POSITION is open wo 
study the role of the cell eycle and stress kinases in 
model of Kidnicy insufficiency. Collaborations with 
the transgenic core laboratory at the Arkansas Can 

Research Center will be involved, Candidates 
‘with a background in recombinant technologies 
including in vivo mouse work are encouraged 00 
send their curriculum vitae and three references to: 
Peter M. Price, Ph.D., University of Arkansas for 
‘Medical Sciences, VA Medical Center, 4300 West 
‘7th Street, Mail Route 1S1VA, Little Rock, AR 
72205. E-mail: pricepeterm@uams.edu, 


apps 


MARKETPLACE 


=a KlenTaq] 


Gommted 


ol 
US Pot 85,496,149 ermall: ob 
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Peptides 
Fox 2140600988 _werwabpeps.com 


wow sciencecareers.org 


* Read length up to 900 bases. 

* High quality electropherograms. 

* Fast turnaround. 

* Plasmid and PCR purification available. 


Polymorphic exclusively uses ABI 3730XL sequencers. 
Data delivered via secure FIP, email or CD. 


$ 2 5 0 No charge for standard sequencing primers. 
. 384 sample minimum order. 


p er reacti ro) n I 96 well plates only—no tubes. 


POLYMORPHIC 


ic DNA Te inc 


www.polymorphicdna.com 883s. 838 
info@polymorphicdna.com 362.08: 

1125 Atlantic Ave., Ste. 102 

Alameda, CA 84501 For more information please visit 
‘www.polymorphicdna.com 


For research use only. © Polymorphic DNA Technologies, 2005 
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